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I. — NOTB  ON   THE   StBUOTURC   OF   SaRSCNS. 

By  Profeasor  J.  W.  Jcdd,  C.B.,  LL.D.,  F.R.S.,  V.P.G.S.,  etc. 

[Introductory  Note. — After  the  publication  of  my  paper  on  the 
Sarseas,  or  Sarsen  Stones,  in  the  Wiltshire  Archaeological  and 
Natural  History  Society's  Magazine,  vol.  xxiii  (1886),  pp.  122-154, 
many  ftiendly  oommunications  gave  me  further  information  on  the 
subject,  and  additional  references  to  published  facts  and  opinions. 
From  this  oorrespondenoe,  and  my  own  notes  made  in  the  country, 
1  propose  to  utilize  much  that  seems  to  be  of  interest.  The  most 
important  of  these  additions  to  our  knowledge  of  the  Sarsens  is  the 
following  memoir  on  their  constitution  and  structure  by  my  friend 
Prof.  Dr.  J.  W.  Judd,  C.B.,  F.B.S.,  etc.,  of  the  Royal  College  of 
Science,  who  most  obligingly  examined  with  care  the  microscopical 
structure  of  many  specimens  from  authenticated  localities.  With 
his  kind  permission  this  yaluable  communication  (dated  March  9th, 
1888)  18  here  printed. — ^T.  Kupkbt  Jones.] 

rE  microscopic  examination  of  a  series  of  thin  sections,  cut 
from  the  Scursenq,  shows  that  their  minute  structure  varies  as 
strikingly  as  does  the  appearance  of  their  fractured  surfaces. 
Microsoopically,  the  Sarsens  are  seen  to  be  made  up  of  two  kinds 
of  materials,  clastic  fragments  of  crystalline  minerals  and  a  cement 
(base  or  matrix)  of  a  microcrystalline  or  cryptocrystalline  character. 
The  relative  proportion  of  these  two  constituents  varies  very  widely 
in  different  cases. 

The  Sarsens  with  saccharoid  fracture  stand  at  one  end  of  the 
series.  An  admirable  example  from  Camberley,  North  Surrey,  is 
seen  to  be  almost  wholly  made  up  of  sand  grains,  with  very  little  in 
the  way  of  cement  visible.  Much  of  the  cementing  material  in  this 
rock  is  ferruginous,  and  the  rock  is  more  incoherent  than  is  the  case 
with  most  Sarsens. 

At  the  other  end  of  the  series  stand  the  Sarsens  exhibiting 
a  fracture  resembling  that  of  some  cherts.  Under  the  microscope 
the  greater  part  of  their  mass  is  seen  to  be  made  up  of  excessively 
minute  and   imperfectly  developed   quartz  microlites,   and   these 
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oooasionally  exhibit  a  tendency  to  the  spherulitio  arrangement 
A  beautiful  example  of  this  kind  of  Sarsen  is  one  from  Poxwell 
Ring,  near  Dorchester.  In  this  case  the  original  sand  grains  seem 
to  have  almost  wholly  disappeared,  and  an  aggregate  of  grains  of 
secondary  quartz  has  been  formed,  which  crystallize  out  freely 
on  the  sides  of  cavities.  In  parts,  the  section  shows  admirable 
spherulitic  structure,  and  the  iron -oxides  have  separated  into  small 
globular  masses.  The  appearances  exhibited  are  strikingly  like 
those  of  some  flints  with  highly  crystalline  structure. 

All  the  other  sections  examined  show  the  detrital  crystalline 
particles  enveloped  in  more  or  less  of  the  fine-grained  secondary 
matrix.  The  detrital  grains  consist  mainly  of  quartz.  By  far  the 
greater  part  of  these  quartz  grains  exhibit  the  bands  of  liquid 
cavities  so  characteristic  of  the  quartz  of  granites  and  gneisses; 
corroded  quartz  grains  with  glass  or  stone  cavities,  evidently  derived 
from  quartz-felsites,  occur,  but  are  much  less  rare,  as  are  also  the 
polysynthetic  grains,  some  of  which  may  have  been  derived  from 
schistose  rocks.  With  the  quartz  grains  are  a  few  unmistakable 
particles  of  flint,  but  these  are  never  numerous.  Fe1spai*s  and  other 
minerals  are  usually  rare.  Sometimes  the  grains  appear  to  be  well 
rounded,  and  at  other  times  they  seem  perfectly  angular ;  but  it  is 
probable  that  in  all  cases  a  considerable  amount  of  corrosion  of  the 
surfaces  of  the  grains  has  taken  place.  Only  in  one  or  two  doubtful 
cases  have  I  seen  what  could  be  taken  as  a  deposition  of  secondary 
silica  upon,  and  in  optical  continuity  with,  the  detrital  quartz. 

In  a  specimen  from  the  valley  of  the  Eennet  (Enbome  Lodge 
gravel-pit)  we  have  perfectly  angular  quartz  grains  embedded  in 
a  nearly  compact  cement — one  which  can  be  resolved  only  under 
very  high  microscopic  power. 

A  very  remarkable  variety  of  Sarsen  is  one  from  Staple-Fitzpaine, 
about  10  miles  west  of  Taunton.  In  this  rock  the  grains  are  much 
larger  than  in  any  other  Sarsen  that  I  have  examined ;  they  are 
markedly  angular,  and  though  quartz  grains  form  a  majority  of  the 
whole,  yet  felspars  and  other  minerals  occur  much  more  usually 
than  in  the  other  specimens  examined.  If  this  should  be  found 
to  be  the  rule  with  Sarsens  from  the  most  westeriy  localities,  it 
would  indicate  that  the  granitic  and  metamorphio  rocks  which 
yielded  the  materials  of  which  they  are  composed  lay  to  the  west 
of  the  London  Basin. 

[In  a  subsequent  letter  (February  27th,  1889)  Professor  Judd 
states  that  this  *'  specimen  from  Staple-Fitzpaine  has  a  fragment  of 
whitened  flint  in  it.  The  microscopic  characters  of  which  are 
unmistakably  those  of  a  silicified  Ghidk-mud  full  of  fragments  of 
Olobigerina."] 

The  cement  of  the  flint-conglomerate  of  Hertfordshire  consists  of 
-quartz  grains,  with  a  few  gi*ains  of  flint,  embedded  in  a  crypto- 
cry stall ine  siliceous  groundmass.  There  is  no  very  striking 
resemblance  between  the  cement  of  this  conglomerate  and  that  of 
any  of  the  Sarsens  which  I  have  examined. 
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II.-^NOTS   ON  OEBTAIN  IMPRESSIONS   OF  EOHINOBEBMS  OBSERVED  ON 

THE  Sandstone  Slabs  in  which  the  Skeletons  of  Htpsbo- 

DAPEDOS   QORDONI  AND   BhTNCHOSAURUS  ARE   PRESERVED. 
By  Prof .  Rudolf  Bcrckhardt,  Ph.D.,  of  the  University  of  Basel,  Switzerland. 

WHEN  searching  for  traces  of  the  dermal  structure  preserved 
in  the  specimen  of  Hyperodapedon  in  the  British  Museum 
(Natural  History)  in  London,^  my  attention  was  drawn  to  certain 
«pot8  where  the  matrix  showed  projections  and  pits  of  a  polygonal 
«hape,  which  I  detected  when  I  took  the  photographs  of  this  Triassio 
reptile.  Primarily  occupying  myself  with  the  matrix  of  the  principal 
slab,  in  which  the  skeleton  is  enclosed,  I  quite  thought  I  had  only 
to  deal  with  dermal  structures  similar  to  those  discovered  in 
Bhynehosaurus. 

One  of  these  spots,  lying  between  the  ninth  and  tenth  ribs  of  the 
left  side,  particularly  attracted  my  attention.  This  I  was  at  first 
inclined  to  regard  as  a  dermal  ossification,  the  pentagonal  character 
of  which  was  unquestionable.  On  closer  inspection  I  found, 
however,  the  whole  of  the  matrix  denaelif  covered  with  similar 
structures,  a  circumstance  which  became  still  more  perplexing  in 
j)roportion  as  I  discovered  their  immense  numbers,  which  were 
equally  abundant  at  a  considerable  distance  from  the  body,  and  also 
in  the  matrix  of  the  counterpart  which  had  not  been  touched  by  the 
chisel.  The  matrix  of  the  Rhynchosaurian  fossils  from  Warwickshire 
aho  showed  the  same  character ;  indeed,  I  found  some  on  these  slabs 
in  even  better  condition  of  preservation. 


Prints  of  Echinoderms  in  the  Triassic  Sandstones  of  "Warwickshire  and  Elg^n. 
From  a  specimen  in  the  British  Museum  (Natural  History),    x  3. 

Actual  petrefactions  they  were  not,  but  simply  the  hollow 
impressions  leaving  a  film  behind,  between  the  coarse  grains  of  the 
sand.  In  size  they  vary  between  8  mm.  and  3  cm.  in  diameter. 
The  matrix  is  crowded  with  these  bodies,  which  are  deposited  over 
each  other,  all  of  them  lying  in  the  same  plane  as  the  skeleton  of 

»  See  **  On  Hijperodapcdon  Gordoni  '* :  Geol.  Mao.,  1900,  Nov.  and  Dec. 
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Hyperodapedan,  Those  facing  the  observer  with  their  upper  8ide» 
have  left  teat-like  projections  in  the  stone ;  others  appear  as  funnel- 
shaped  depressions  made  by  a  massive  body. 

}n  shape  they  are  star-like  pentagons,  of  about  the  same  fornk 
as  the  bodies  of  fiuryalidas. 

In  diagonal  opposition  to  the  main  portion  of  the  star-shaped 
bed  lies  a  small  pentagonal  plate  consisting  of  five  parts,  which 
radiate  from  a  central  piece.  I  believe  I  have  also  detected  some 
radiating  striae  on  the  outer  pentagon  in  a  few  exceptionally  well- 
preserved  examples,  as  well  as  some  finer  strisd,  skirting  the  margin 
of  the  extreme  pentagonal  radially,  where  they  arrange  themselves 
in  regular  order.  Besides  these  pentagons  I  noticed  some  series  of 
smaller  segments  of  about  ^  mm.,  which  to  the  number  of  six  unite- 
with  each  other,  though  rarely  more,  in  which  latter  case  they  are 
very  difficult  of  detection. 

The  conclusions  I  have  arrived  at  as  to  these  structures,  and  to- 
which  I  give  expression  quite  reservedly  to  specialists  engaged  io^ 
this  branch  of  geology,  are  as  follows : — 

These  pentagonal  forms  are  empty  caverns  left  by  Echinoderms- 
of  a  Eurylaid  shape,  having  peripheral  arms,  either  simple  or 
forked.  To  whatever  group  of  Echinoderms  they  may  belong  will 
be  a  matter  of  investigation  by  specialists.  Under  no  circumstances^ 
are  they  parts  of  JSyperodapedon,  The  two  pentagonal  sets  of  which 
they  are  composed,  together  with  their  projecting  limbs,  are  foimfr 
which  do  not  resemble  any  other  type  of  the  classes  of  invertebrates. 
In  favour  also  of  this  inference  is  their  enormous  quantity  and  the 
great  diversity  in  their  sizes.  The  extreme  delicacy  of  these 
impressions  is  probably  the  reason  why  my  examination  of  the 
slabs  did  not  yield  a  better  result,  as  might  have  been  the  case  if  the 
stones  had  been  more  recently  quarried  or  specially  prepared  for  tbis- 
purpose. 

That  no  remains  of  their  external  skeletons  are  preserved,  is  it> 
no  way  detrimental  to  this  hypothesis,  as  a  corollary  to  this  is  found 
in  the  case  of  those  hollows  left  by  Elgin  reptiles,  which  E.  T. 
Newton  so  admirably  described  from  casts  taken  from  their  natural 
moulds.  No  other  fossils  having  been  found  in  these  localities  except 
reptiles,  is  also  an  argument  in  favour  of  such  an  interpretation  as- 
the  above. 

From  a  like  presence  of  these  casts  in  both  localities,  the  Elgin^ 
sandstones,  which  Smith  Woodward  quotes  as  **  supposed  Trias/* 
should  be  of  the  same  age  as  the  sandstones  belonging  to  the  Upper 
Triassic  of  Warwickshire  and  Shropshire. 

Interesting  as  may  be  the  task  of  pursuing  this  highly  attractive 
geological  question,  it  is  a  matter  of  real  regret  that  I  am  compelled 
to  deny  myself  the  pleasure  of  conducting  the  investigation  of  this 
subject  further.  I  must  confine  myself  here  to  the  statement  only, 
that  I  have  good  reason  for  believing  that  I  have  observed  similar 
petrefactions  of  organic  origin  in  some  rather  imperfect  fragments- 
from  the  Maleri  deposits  in  India. 
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III. — WooDWARDiAN  MusEUM  NoTCs :   Saltbb's  Undbscbibed 

Spboies.    IL 

By  F.  R.  CowPBR  Rbbd,  M.A.,  P.G.S. 

(PLATE  I.) 

LiOHAS  SCUTALI8,  Salter.     (PL  I,  Figs.  1-4.) 

1873.    Zicha$  acutalU,  Salter  MSS. :   Cat.  Camb.  Sil.  Foss.  Woodw.  Mus.,  p.  130 
(a  954). 

1877.  Zieha$  vetTucoaiu,  Woodward :  Cat.  Brit.  Foss.  Crust.,  p.  43. 

1878.  Zithas  seutalis,  Edgell  MSS. :  Cat.  Camb.  Sil.  Foss.  Mas.  Pract.  Geol.,  p.  84. 
1891.     Zichas  verritcotuSf  Wooda :  Cat.  Type  Fosa.  Woodw.  Mus.,  p.  147. 

f  IIHEBE  are  three  specimeDS  of  this  species  in  the  Woodwardian 
X  Museam,  yiz. :  (1)  Sa1ter*s  fine  original  specimen  (a  954)  from 
4he  Wenlock  Shale  of  Malvern,  belonging  to  the  first  part  of  the 
Fletdier  Collection,  acquired  prior  to  1873;  (2)  a  poor  specimen 
probably  from  the  same  collection  and  horizon,  locality  unknown ; 
and  (3)  an  almost  perfect  specimen,  also  from  the  Wenlock  Shale 
of  Malvern,  belonging  to  that  part  of  the  Fletcher  Collection 
recently  presented  by  Mrs.  Fletcher.  This  specimen  will  be 
designated  the  Fletcher  specimen  in  distinction  to  Salter's  original 
specimen.  Both  these  specimens  show  almost  the  whole  trilobite 
preserved  in  excellent  condition,  and  from  them  the  following 
description  has  been  drawn  up. 

Diaghosis. — Head-shield  broadly  parabolic,  nearly  twice  as  broad 
as  lon^,  and  slightly  produced  backwards  at  genal  angles ;  strongly 
-convex  from  back  to  front  and  from  side  to  side,  slightly  flattened 
between  the  eyes  across  the  middle  portion  of  the  posterior  half; 
anterior  half  of  head-shield  bent  down  very  steeply  to  margin, 
almost  at  a  right  angle  to  posterior  half ;  sides  bent  down  as  steeply 
in  hx>nt,  but  less  steeply  towards  genal  angles,  where  they  flatten  out 

Glabella  wide,  occupying  nearly  whole  middle  third  of  head- 
fihield;  forms  most  elevated  portion  of  head-shield,  but  is  not 
awollen  nor  raised  with  independent  convexity  above  fixed  cheeks. 
Median  lobe  much  expanded  in  front,  its  narrow  laterally-projecting 
tongues  overlapping  anterior  lateral  lobes ;  constricted  strongly  at 
level  of  anterior  lateral  furrow,  behind  which  it  gradually  decreases 
in  width  with  nearly  straight  sides  to  the  base  of  anterior  lateral 
lobea,  where  it  again  expands  a  little.  Behind  this  point  the  median 
lobe  is  only  weakly  marked  off  from  the  two  pairs  of  posterior 
lateral  lobes,  but  is  traceable  in  the  Fletcher  specimen  to  the 
«traight  occipital  furrow,  where  it  has  nearly  double  the  width  it 
possessed  between  the  anterior  lateral  lobes. 

Anterior  lateral  lobes  large,  of  broadly  oval  shape,  rather  wider 
in  front  than  behind,  where  the  furrow  which  defines  them  is  very 
faint.  They  extend  about  two-thirds  the  whole  length  of  the 
glabella  with  their  longer  axes  obliquely  directed  inwards,  and 
with  a  gentle  convexity  of  their  own,  bending  down  strongly  in 
front  with  the  median  lobe  and  at  the  sides  with  the  general 
curvature  of  the  head-shield.    In.  front  they  are  separated  from  the 
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mar^nal  furrow  of  the  Lead-shield  by  the  lateral  projections  of  the 
median  lobe. 

Middle  lateral  lobes  subquadrate  in  shape,  small  and  indistinctly 
defined,  being  marked  off  in  front  from  the  anterior  lobes  by  a  very 
faint  depression  sweeping  round  the  hinder  end  of  the  latter  lobes- 
and  representing  the  middle  lateral  furrows.  They  are  still  more 
indistinctly  marked  off  posteriorly  from  the  basal  lobes  by  weak 
grooves,  while  their  outer  sides  are  defined  by  the  faint  axal  furrows 
and  their  inner  sides  by  the  continuation  of  the  anterior  lateral 
farrows  to  the  occipital  segment. 

Basal  lobes  likewise  weakly  marked  off  from  the  rest  of  the 
glabella  and  fixed  cheeks,  but  relatively  large,  being  nearly  the  size 
of  the  middle  lobes ;  subrhomboidal  rather  than  triangular  in  shape^ 
owing  to  the  basal  (posterior  lateral)  furrow  starting,  not  from  the 
level  of  the  occipital  furrow  but  a  little  way  in  advance  of  it. 
The  posterior  side  of  the  basal  lobes  is  marked  off  from  the  occipital 
segment  by  the  strong  deep  occipital  furrow. 

Occipital  ring  flattened  and  very  broad  in  the  middle  behind  the 
straight  portion  of  the  occipital  furrow  at  the  base  of  the  median 
lobe  of  the  glabella,  but  with  its  lateral  portions  only  about  half 
the  width,  and  bent  backwards  behind  the  basal  lobes. 

Axal  furrows  strongly  marked  only  along  tbe  outer  side  of  the 
anterior  end  of  the  anterior  lateral  lobes,  being  posteriorly  very 
weak,  as  above  mentioned.  Behind  the  point  where  they  pass  into 
the  marginal  furrow  which  bounds  the  glabella  in  front  they  arch 
outwards,  curving  round  inwards  posteriorly  as  they  define  the 
anterior  lateral  lobes,  to  the  base  of  which  they  nearly  extend  with 
a  deeply  impressed  course.  Here  the  middle  lateral  furrows  pass^ 
imperceptibly  into  them.  Behind  this  point  the  axal  furrows 
become  very  weak,  and  curve  outwards  along  the  outer  side  of  the 
middle  and  basal  lobes  to  end  in  the  occipital  furrow. 

Anterior  lateral  furrows  arise  far  forwards,  curving  round  the  broad 
anterior  end  of  the  anterior  lateral  lobes,  and  then  run  with  nearly 
a  straight  course  backwards  along  the  inner  side  of  these  lobes, 
slightly  converging.  At  the  posterior  end  of  the  latter  each  furrow 
bends  a  little  outwards  to  end  in  a  small  pit  from  which  the  middle 
furrow  starts.  About  half-way  along  the  inner  side  of  these  anterior 
lobes  there  is  a  slight  outward  kink  in  these  anterior  furrows,  from 
which  a  faint  groove  runs  outwards  a  little  distance  across  the  lobe^ 
such  as  has  been  noticed  in  Lichas  omatus  (Angelin),^  Licha& 
anglicus  (Beyr.),  and  other  species.  Behind  the  pits  at  the  base  of 
the  anterior  lobes  the  anterior  lateral  furrows  are  traceable  as  faint 
slightly  divergent  grooves  (especially  clear  in  the  Fletcher  specimen )r 
which  finally  meet  the  occipital  furrow  at  the  inner  posterior  angle 
of  the  basal  lobes. 

Middle  lateral  furrows  weak  and  short,  starting  from  the  pit  on 
the  anterior  furrows  and  curving  round  the  base  of  the  anterior 
lobes  to  merge  imperceptibly  into  the  stronger  axal  furrows. 

»  Schmidt:  Rev.  Ostbalt.  Silur.  Trilob,,  Abth.  ii  (188.>),  p.  109,  t.  vi,  fig.  18«. 
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Bosal  farrows  extremely  faint.  As  mentioned  above,  they  are 
not  siraigbt  lateral  prolongations  of  the  median  portion  of  the 
oocipital  farrow,  as  is  the  case  in  many  species,  bat  they  arise 
a  short  distance  in  front  of  it  on  the  backward  continaation  of  the 
anterior  lateral  farrow,  and  curve  slightly  forwards  to  join  the  azal 
farrow  nearly  at  right  angles. 

In  Salter's  original  specimen  there  is  in  addition  to  the  above 
farrows  a  shallow  transverse  depression  arched  backwards,  extending 
across  the  neck  of  the  median  lobe  at  the  base  of  the  anterior  lateral 
lobes  and  between  the  pits  on  the  anterior  furrows.  A  similar 
transverse  groove  is  seen  in  lAchaa  palmatm  (Barr.),  Z.  icaber 
(Beyr.),^  and  Z,  anglicus  (Beyr.). 

C>ocipital  farrow  composed  of  a  central  straight  portion,  not 
deeply  impressed,  and  of  lateral  portions  carving  strongly  backwards 
and  strongly  marked  behind  the  basal  lobes. 

Fixed  cheeks  small,  with  an  anterior  wing  forming  a  very  narrow 
strip  between  the  axal  furrow  and  the  facial  suture.  At  the  base 
of  the  anterior  lateral  lobes  of  the  glabella,  where  the  axal  furrow 
bends  in,  the  cheeks  increase  in  width,  expanding  behind  tiie  eye 
and  entering  into  the  general  convexity  of  the  head-shield. 

£ye-lobes  of  moderate  size,  prominent,  horizontally-extended 
outwards  on  a  level  with  the  general  convexity  of  the  glabella, 
and  situated  just  in  front  of  the  base  of  the  anterior  lateral  lobes. 
A  short  furrow  separates  them  from  the  fixed  cheeks.  In  front 
of  the  glabella  is  a  flattened  horizontally-extended  border  of 
moderate  width,  widening  a  little  laterally  as  it  passes  into  that 
of  the  free  cheeks,  and  marked  off  by  a  shallow  marginal  furrow. 

Free  cheeks  triangular  in  shape,  with  an  inner  strongly  convex 
portion  abruptly  elevated  above  the  flattened  broad  border,  and 
marked  off  behind  by  the  occipital  furrow  and  scarcely  in  front  by 
the  very  weakly-defined  marginal  furrow  which  circumscribes  its 
base  and  joins  the  occipital  furrow  at  nearly  a  right  angle.  This 
inner  convex  portion  of  the  free  cheek  bears  the  eye  at  its  summit, 
hot  nearer  the  front  than  the  anterior  border. 

Eye  semicircular  and  prominent,  rising  up  vertically  with  a  high 
visoal  surface  beneath  the  overhanging  eye-lobe. 

Border  of  free  cheek  flattened,  rapidly  increasing  in  width  from 
the  front  to  the  genal  angle,  owing  to  the  inward  course  of  the 
marginal  furrow.     Grenal  angles  slightly  produced  into  blunt  points. 

Ornamentation. — ^The  glabella,  oocipital  ring,  fixed  cheeks,  and 
the  convex  portion  of  the  free  cheeks  are  ornamented  with  tubercles 
of  moderate  size,  rather  sparingly  distributed.  On  the  flattened 
border  of  the  free  cheeks,  particularly  near  the  genal  angles,  there 
are  also  a  few  similar  tubercles. 

ThortLx. — ^The  thorax  in  the  Fletcher  specimen  is  nearly  perfect 
and  shows  nine  narrow  segments,  but  in  Salter's  original  specimen 
it  is  not  so  well  preserved  and  only  seven  segments  can  be  dis- 
tinguished. In  each  case  the  specimen  has  its  head  and  tail  strongly 
bent  upwards,  and  this  has  caused  the  body  to  break  across  at  the 

>  Barrnnde :  Syst.  Silur.  Bohem.,  vol.  i  (1851),  pi.  xxix,  figs.  7  and  24. 
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junction  of  the  head  and  thorax,  forcing  back  the  head  over  the 
first  few  segments  of  the  body  and  concealing  them.  In  the  Fletcher 
specimen  there  are  indications  of  one  segment  being  thus  ooyered, 
making  the  actual  number  of  thoracic  rings  to  be  ten. 

Axis  of  thorax  gently  conyex»  broad,  tapering  gradually  to  the 
pygidium,  each  ring  consisting  of  a  simple  narrow  band,  apparently 
devoid  of  ornamentation.  The  anterior  rings  of  the  axis  appear  to 
be  wider  than  the  corresponding  pleui*83,  but  the  posterior  ones  to  be 
narrower.    Axal  furrows  weak. 

Pleursd  semicylindrical,  horizontally  extended  as  far  as  the 
fulcrum,  but  then  bent  downwards,  flattening  again  towards  their 
extremities,  which  are  separate  and  free.  The  fulcrum  is  distant 
from  the  axal  furrow  about  one-third  of  the  length  of  the  pleura, 
and  is  obtusely  rounded.  Each  pleura  curves  gently  forwards  to 
the  fulcrum,  then  bends  more  strongly  backwards,  and  again  bends 
forward  slightly  towards  its  extremity.  The  surface  of  each  pleura 
is  marked  along  its  inner  portion  by  a  nearly  median  furrow,  which 
runs  straight  outwards  to  the  fulcrum  and  then  curves  backwards 
over  the  outer  portion  to  the  point,  dividing  this  outer  portion  into 
a  flattened  anterior  and  an  elevated  posterior  part,  but  near  the  end 
the  whole  breadth  of  the  pleura  is  flattened.  The  extremity  is 
bluntly  pointed.  There  are  a  few  obscure  traces  of  tubercles  on  the 
pleursd. 

Pygidium. — Broad  and  roughly  pentagonal,  gently  convex  from 
side  to  side,  having  its  lateral  lobes  bent  down,  but  flattened  along 
its  margin.  Its  component  segments  are  closely  fused  together,  and 
only  the  two  anterior  pleursd  on  each  side  are  marked  out 

The  pygidium  is  arched  forwards  in  front ;  posteriorly  it  is 
forked,  and  each  side  is  angulated  by  the  projection  of  the  extremities 
of  the  second  pair  of  pleursd. 

The  posterior  margin  lying  in  the  fork  is  rather  less  than  half  the 
anterior  width  of  the  pygidium.  The  re-entrant  angle  is  about  185^, 
and  the  sides  meet  the  lateral  borders  at  an  angle  of  a  little  over 
90°  at  the  obtusely  rounded  divergent  points  of  3ie  fork.  (In  the 
Fletcher  specimen  these  points  are  rather  more  acute.) 

Axis  cylindrical,  convex,  and  prominent,  being  strongly  raised 
above  the  lateral  lobes.  Its  posterior  end  is  pointed  and  prolonged 
to  reach  the  posterior  margin  of  the  pygidium  at  the  re-entrant 
angle,  sloping  down  rapidly  to  the  level  of  the  flattened  border. 
The  cylindrical  portion  of  the  axis  measures  only  about  two-thirds 
the  total  length  of  the  pygidium. 

First  axial  ring  only  distinct,  and  marked  off  behind  by  a  strong 
continuous  furrow.  Very  obscure  traces  of  four  or  five  rings  behind 
it.  Axal  furrows  well  marked  on  each  side  of  the  cylindrical  portion, 
but  very  faint  behind  it  and  scarcely  traceable  to  the  margin. 

Lateral  lobes  of  pygidium,  bent  down  on  each  side  of  the  axis  and 
consisting  of  a  convex  inner  portion  and  a  flattened  marginal  portion. 
Each  lateral  lobe  measures  anteriorly  about  1^  times  the  width  of 
the  axis. 

First  pair  of  pleurse  distinct,  each  pleura  expanding  outwardly  to 
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•doable  its  axial  width,  and  with  a  squarely  truncated  extremity, 
•not  projeoting  beyond  the  margin.  A  straight  diagonal  furrow 
marks  the  surface,  but  does  not  reach  the  extremity,  and  the  outer 
interior  angle  of  the  truncated  end  is  flattened  as  in  the  pleursd  of 
the  thorax,  as  if  for  roUing-up.  The  groove  separating  the  first  from 
the  second  pleura  runs  obliquely  backwards  and  outwards  at  an 
^Qgle  of  about  30^  to  the  front  margin  of  the  pygidium,  curving 
gently  forwards  at  its  outer  end. 

Second  pair  of  pleural  distinct,  each  pleura  increasing  rapidly  to 
doable  the  width  possessed  by  the  first  pleura  on  the  margin ;  end 
'broad,  truncated,  and  with  posterior  angle  projecting  beyond  the 
margin  as  a  distinct  tooth ;  posteriorly  marked  off  by  weak  furrow 
•making  an  angle  of  about  45^  with  front  margin  of  the  pygidium. 
A  median,  slightly  oblique  furrow  traverses  the  surface  of  the  pleura, 
but  stops  short  of  the  margin. 

The  position  of  the  projecting  ends  of  this  second  pair  of  pleurse 
16  about  half-way  along  the  latend  margins  of  the  pygidium.  Behind 
<b6m  the  margin  takes  a  slight  curve  inwards  to  the  points  of  the 
posterior  fork. 

The  lateral  lobes  behind  the  second  pair  of  pleurss  show  no 
^segmentation  or  furrows,  but  probably  are  composed  of  two  pairs  of 
pleune,  one  ending  at  the  lateral  pointed  extremities  of  the  posterior 
margin  and  the  other  at  the  axal  furrows  in  the  re-entrant  angle. 

A  few  scattered  tubercles  are  visible  on  the  flattened  marginal 
{>ortion  of  the  lateitd  lobes,  especially  near  the  posterior  angles. 

Mkasubemxnts. 

I.  II. 

1 

Len^h  of  head-shield  

Width  of  head-shield  

l^ienffth  of  glabella      

Width  of  glabella  at  front  eud 
Width  of  glabella  at  level  of  eyes     ... 
Width  of  glabella  at  neck-furrow     . . . 

Width  of  thorax        

Width  of  axis  of  thorax        

Length  of  py^dium 

Width  of  pygidium  at  front  end 

Width  of  pygidium  between  posterior  angles 

Width  of  axis  of  pygidium 

I  «■  Salter's  specimen.  II  =  Fletcher's  specimen. 

N.B. — In  the  Fletcher  specimen  the  hypostome  is  also  seen  in  its 
proper  position  on  the  lower  surface  of  the  upturned  head.  It  is 
^ul^ntagonal  in  shape;  its  length  is  less  than  its  breadth,  which 
is  greatest  across  the  middle.  The  central  portion,  which  is  also  of 
greater  breadth  than  length,  is  marked  off  by  a  continuous  furrow 
from  the  border,  is  gently  convex,  and  occupies  about  two-thirds  of 
the  whole  length  of  the  hypostome  ;  its  anterior  end  is  strongly 
arched  forwards,  and  its  sides  and  posterior  edge  are  nearly  straight 
and  parallel  respectively  to  the  lateral  and  posterior  margins  of  the 
hypostome.  A  pair  of  faint  short  furrows  run  obliquely  inwards 
from  the  lateral  angles.    The  border  is  broad  and  flattened,  extending 


mm. 

ram. 

13-0 

11-5 

260 

21-0 

110 

8-5 

10-5 

10-0 

8-25       ... 

7-5 

9-0 

9-0 

about  22-0 

19-0 

..    uncertain    ... 

8-0 

ll-o 

100 

180 

18-0 

es          90 

8-0 

6-0 

60 
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down  the  sides  of  the  central  portion  from  the  lateral  angles  and 
round  the  posterior  margin,  where  it  is  broadest  and  slightly 
excavated.     The  posterior  angles  are  obtusely  rounded. 

Measurements. 

mm. 

Length  of  hypostome      7*0 

Width  of  hypostome  aerobs  middle        9-5 

Length  of  central  portion  ,        ...  5*0 

Width  of  central  portion  7*0 

Width  of  posterior  border  2*0 

Bbmabks. — ^To  none  of  the  other  British  species  of  Lichas  froiu 
the  Weniock  Series  does  L.  acutalis  show  any  close  resemblance. 
L.  verrucosus  (Eichw.),^  wHh  which  it  has  been  confounded,  belongs 
to  a  lower  stratigraphical  horizon,  and  differs  in  the  following 
particulars, — the  shape  of  the  median  lobe  of  the  glabella,  the 
form  and  size  of  the  basal  lobes,  the  course  of  the  axal  furrows,, 
the  position  of  the  basal  furrows,  the  course  of  the  occipital  furrow^ 
the  absence  of  a  transverse  groove  across  the  median  lobe  of  the 
glabella,  the  position  of  the  eye  and  eye -lobes,  the  shape  of 
the  pygidium  and  the  furrows  on  its  lateral  lobes,  the  shape  of  it^ 
axis,  etc.,  etc.  In  fact,  Z.  verrucosus  is  so  utterly  different  from 
Xr.  scutalis  that  it  is  surprising  that  they  were  ever  considered 
identical  or  even  closely  allied.  It  is  needless  to  enter  into  a  minute 
comparison  of  the  two  species,  as  their  specific  separation  is  obvious. 

Schmidt  (loc.  cit.)  remarks  that  Z.  scutalis  is  quite  distinct  from 
Z.  verrucosus  (Eichw.). 

The  species  which  shows  most  points  of  resemblance  is  BarrandeV 
X.  amhiguus^  from  Etage  Ee2,  which  is  more  or  less  equivalent 
to  our  Weniock.  This  species  has  a  glabella  with  anterior 
lateral  furrows  continued  down  to  the  neck -furrow,  with  weak 
middle  and  basal  furrows,  and  with  axal  furrows  having  the 
same  general  course  and  development  as  Z.  scutalis,  though  less^ 
curved  inwards  in  the  middle.  The  anterior  lateral  lobes  are 
closely  similar,  even  to  the  indentation  on  the  inner  side,  but  they 
are  less  oblique ;  the  middle  lobes  are  rather  less  distinct,  and  the 
basal  lobes  are  only  separable  from  them  by  their  more  swollen 
character.  There  is  also  a  somewhat  similar  shallow  depression 
across  the  neck  of  the  median  lobe.  The  smaller  convexity  of  the 
head-shield  and  the  greater  parallelism  of  the  sides  of  the  glabella  are 
points  of  difference.  The  occipital  segment  is  also  narrower,  and  the 
occipital  furrow  has  a  different  course.  The  thorax  of  Z.  ambiguus 
is  unknown.  It  is  in  the  pygidium  that  we  find  the  most  striking 
points  of  resemblance  :  the  shape  of  the  axis  and  its  continuation  ta 
the  posterior  margin,  the  presence  of  only  two  pairs  of  pleursa  on 
the  lateral  lobes  with  their  farrows,  the  projection  of  the  extremities 
of  the  second  pair  beyond  the  margin,  the  smooth  unfurrowed 
posterior  portion  of  the   lateral   lobes,  the  flattened   margin,  the 

1  Eichwald:    Beitr.   z.  Kenntn.  Riissl.,   Bd.  viii  (1843),  p.  63,  t.  iii,  fig.  23. 
Schmidt:  Rev.  Ostbalt.  Silur.  Trilob.,  Abth.  ii  (1885),  p.  62,  t.  ii,  fijfs.  l-ll. 
*  Barrande:  Syst.  Silur.  Bohem.,  vi>l.  i  (ISol/,  p.  60b,  pi.  xxviii,  tigs.  16-21. 
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poetefrior  fork.  The  pygidium  differs  in  being  relatively  narrower^ 
in  posaeasing  a  shorter  axis  with  more  rings,  in  the  extremities  of 
the  first  pleune  projecting  beyond  the  margin,  and  in  the  posterior 
maigin  being  less  deeply  excavated. 

P&orrus  Fletcheri,  Salter.     (PL  I,  Figs.  6  and  6.) 

1873.    Froetus  FUtehei-i,  Salter:    Cat.  Camb.  Sil.  Foss.  Woodw.  Mus.,  p.  134 

(a  825,  a  828). 
1877.    Pro^m*  Fietcheri,  Salt«r :  Woodward,  Cat.  Brit.  Foss.  Crust.,  p.  66. 
1891.    Froetua  FMeheri,  Salter:  AVoods,  Cat.  Type  Foss.  Woodw.  Mus.,  p.  151. 

This  Species,  which  is  recorded  by  Salter  (loc.  cit.)  from  the^ 
Wenlock  Limestone  of  Dudley,  is  mentioned  by  him  after 
Pr.  laHfroM  (McCoy)  as  "a  broader  species  in  all  parts,  more  like 
Pr.  Byckholti  (Barr.)  than  Pr.  lati/rons  (McCoy)." 

There  are  three  specimens  of  Pr.  Fletcheri  in  the  Woodwardian- 
Moseam,  which  were  labelled  by  Salter  a  825  (2)  and  a  828,  and  are 
thus  entered  in  his  *' Catalogue."  But  mounted  on  the  same  tablet 
are  seven  other  unlabelled  specimens  of  Proetus,  of  which  only  one 
belongs  to  this  species,  all  the  others  showing  points  of  difference. 
There  are  four  other  specimens  of  the  true  Pr.  Fletcheri  in  the 
Woodwardian  Museum,  three  of  which  are  from  the  Fletcher 
Collection  and  the  other  from  the  Leckenby. 

The  specimens  from  which  the  following  description  is  drawn  up 
are  those  three  labelled  by  Salter  a  825  (2)  and  a  828. 

Diagnosis. — General  shape  longitudinally  oval,  more  than  twice 
as  long  as  broad. 

Head-ihield  broadly  parabolic,  about  twice  as  wide  as  long,  gently 
concave  posteriorly,  moderately  convex  from  side  to  side,  bent  dowa 
in  front.     Grenal  angles  produced  into  spines. 

Glabella  very  broadly  oval,  as  broad  as  long,  more  than  one- third 
the  width  of  the  head-shield  at  base,  narrowing  slightly  towards  the 
obtusely  rounded  anterior  end,  which  reaches  the  anterior  border  of 
the  head-shield  ;  gently  convex  from  side  to  side,  bent  down  steeply 
in  front  of  eyes.^  Surface  marked  by  two  pairs  of  furrows,  but 
anterior  pair  generally  obsolete.  Basal  pair  of  furrows  short,  weak, 
shallow ;  curve  slightly  backwards ;  situated  at  level  of  middle  of 
eye  and  at  more  than  one-third  the  length  of  glabella  from  neck- 
furrow.  Anterior  pair  of  furrows  when  present  very  weak,  directed 
obliquely  backwards  from  level  of  anterior  end  of  eye. 

In  Salter's  specimen  a  825  (here  figured  PL  I,  Fig.  6)  there  is  an 
additional  pair  of  small  pit-like  impressions  on  the  glabella,  situated 
behind  the  basal  furrows  and  close  to  the  occipital  furrow,  and  about 
half-way  between  the  axal  furrows  and  the  median  line  of  the  glabella. 
I  have  not  noticed  them  preserved  in  the  other  specimens,  but  they 
may  be  compared  with  somewhat  similarly  placed  basal  pits  on  the- 
glabella  of  some  specimens  of  Pr.  hohemicus  (Corda).^ 

'  Owing  to  this  8tron<^  downward  bend  of  the  front  end  of  the  glabella,  the  shape 


to  be  snbcircnlar  in  Fig.  6. 
*  Bamnde :  Svst.  Silur.  Bohem.,  vol.  i  (18o2,,  p.  452,  pi.  xn,  figs.  6,  7. 
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Axal  farrows  weak  in  front  of  the  eje,  and  passiog  into  the 
marginal  furrow  at  the  front  end  of  the  glabella.  Between  the  eye- 
lobe  and  glabella,  and  posterior  to  the  eye,  they  are  deep  and  strong. 

Occipital  farrow  stronger  than  axal  farrows,  and  arohed  forward 
in  the  middle  and  at  each  side  in  front  of  the  lateral  occipital  nodnle. 

Occipital  ring  rounded,  considerably  wider  than  a  thoracic  axial 
ring,  and  furnished  with  a  small  median  tubercle  and  a  pair  of 
lateral  noddles,  which  are  sharply  circamscribed,  of  oval  shape, 
swollen,  prominent,  and  occupying  nearly  the  whole  width  of  the 
occipital  ring  at  the  base  of  the  axal  furrows. 

In  front  of  the  glabella  is  a  raised  and  rounded  border,  well 
•defined  by  a  strong  marginal  furrow. 

Fixed  cheeks  with  narrow  anterior  wing  and  large,  semicircular, 
horizontally  -  flattened  eye -lobe,  strongly  elevated  to  nearly  the 
height  of  glabella.  Eye-lobes  reach  from  anterior  lateral  farrows 
of  glabella  to  behind  basal  pair,  but  do  not  project  enough  laterally 
to  cover  whole  upper  surface  of  convex  eye.  Posterior  wing  of 
iixed  cheek  small  and  triangular,  owing  to  course  of  facial  suture. 
Occipital  segment  of  cheek  rounded,  raised,  and  narrower  than 
occipital  ring  behind  glabella. 

Facial  sutures  cut  anterior  border  of  head-shield  at  a  distance 
apart  equal  to  basal  width  of  glabella.  From  these  points  of  section 
they  curve  backwards  and  slightly  inwards  to  front  of  eye,  then 
'bend  out  and  circumscribe  eye-lobe,  and  behind  it  curve  sharply 
outwards  to  cut  neck-ring  obliquely  at  an  angle  of  20^-30°,  reaching 
the  posterior  margin  close  to  the  base  of  the  genal  spine. 

Free  cheeks  triangular,  furnished  with  broad,  rounded,  and  striated 
l)order,  continued  backwards  at  the  genal  angle  into  the  genal  spine, 
which  is  broad  at  the  base,  tapers  i-ather  rapidly  to  its  pointed 
extremity,  and  is  less  than  half  the  length  of  the  head-shield.  It  is 
ornamented  with  longitudinal  striations.  The  marginal  and  occipital 
furrows  meet  each  other  at  the  genal  angle  at  an  angle  of  nearly 
-60°.  The  inner  portion  of  the  free  cheeks  is  strongly  elevated  and 
<:onvex,  with  steep  anterior  but  gentler  lateral  and  posterior  slopes. 
On  the  summit  it  bears  the  large  prominent  eye  which  extends  for 
nearly  two-thirds  the  length  of  the  glabella.  A  shallow  groove 
encircles  base  of  eye,  and  runs  round  it  from  the  level  of  the  occipital 
furrow  to  the  anterior  lateral  furrow  of  the  glabella. 

Thorax  about  equal  in  length  to  head-shield,  consisting  of  ten 
segments,  with  a  broad,  gradually  tapering,  cylindrical  axis,  nearly 
half  as  wide  again  as  the  pleural  portions.  Rings  of  axis  simple, 
regular,  and  devoid  of  ornamentation.  Axal  furrows  distinct,  but 
not  deeply  impressed. 

Pleurae  semicylindrical ;  each  consisting  of  an  inner,  straight,  hori- 
zontally-extended portion  and  an  outer,  longer,  extra-fulcral  portion, 
which  is  bent  gently  downwards  and  backwards  at  an  angle  of  45^. 
Inner  portion  crossed  by  diagonal  furrow,  making  an  angle  of  about 
20^  with  the  straight  anterior  edge.  This  furrow  divides  the  inner 
portion  into  two  unequal  parts,  of  which  the  posterior  is  much 
the  larger.     On  the  extra-fulcral  portion  the  furrow  is  obsolete,  and 
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the  anterior  part  of  the  pleura  is  flattened  into  an  articulating  surface 
which  passes  nndemeath  the  preceding  pleura.  Fulcrum  well- 
marked  and  angular,  at  the  junction  of  the  inner  and  outer  portions 
of  the  pleora.     Extremities  of  pleune  truncated  and  rounded. 

Pygidimm  semicircular,  about  two-thirds  the  length  of  the  thorax ;. 
widi  simple  entire  margin,  and  distinct  raised  border.  The  anterior 
edge  of  pygidium  resembles  that  of  a  pleural  ring,  the  inner  part 
being  short  and  straight  and  the  outer  part  oblique  with  an 
articulating  surface.  Lateral  and  posterior  margins  incurved  and 
concentrically  striated  below. 

Axis  coni<Md,  strongly  elevated  above  the  flattened  lateral  lobes, 
and  tapering  more  rapidly  than  axis  of  thorax  to  an  obtusely  pointed 
extremity,  reaching  the  marginal  furrow  inside  the  raised  border. 
Seven  to  eight  rings  recognizable  on  axis,  of  which  only  the  three^ 
first  are  dearly  separated  by  strong  intersegmental  furrows,  the 
posterior  ones  being  more  or  less  indistinct.  Lateral  lobes  gently 
bent  down  on  each  side,  and  marked  with  three  or  four  pleuree- 
with  inner  horizontal  portion  generally  distinguishable,  but  devoid 
of  fulcrum.  A  weak  longitudinal  furrow  runs  down  the  centre  of 
each  pleura. 

Border  of  pygidium  distinct  and  raised  slightly  above  level  of 
lateral  lobes,  narrower  at  anterior  lateral  angles  and  behind  axis 
than  in  middle  of  sides.  It  is  marked  off  by  a  shallow  marginal 
groove,  and  in  one  specimen  (a  825  of  Salter's  Catalogue)  the 
pleune  and  their  furrows  are  faintly  traceable  across  it,  but  in  some 
individuals  it  is  very  indistinct. 

OrmawMHtation. — ^The  whole  surface  of  the  head  and  pygidium  is 
finely  granulated. 

MiASuasMENTS. — Salter's  specimen  a  825  : — 

mm. 

Length  of  whole  trilobite         220 

Length  of  head-shield 8*0 

Lei^h  of  thorax           8*0 

J>ength  of  pygidium      6*0 

Width  of  h^-shield  at  base ld'5 

Width  of  pygidium        10*5 

Width  of  glabella  at  base         6-0 

Bkmabks. — ^Thls  species  resembles  Pr.  bohemicusy  Corda,*  in  the^ 
fc^owing  particulars:  (1)  shape,  relative  size,  and  proportions  of 
^abella;  (2)  presence  of  lateral  nodules  and  median  tubercle  on 
occipital  ring  ;  (3)  relative  proportions  of  thoracic  axis  and  pleura ; 
(4)  characters  of  pleuras  ;  (5)  shape  of  pygidium,  pygidial  axis,  and 
border ;  (6)  granulated  test. 

Pr,  hohemiem  differs,  however,  in  having  a  semicircular  rather 
than  parabolic  head-shield,  in  possessing  very  short  genal  spines, 
smaller  eyes  and  eye-lobes,  and  a  relatively  narrower  border  to  the 
bead-shield ;  in  the  presence  of  three  pairs  of  lateral  furrows  on  the 
glabella ;  in  the  greater  length  of  the  thorax ;  and  in  the  smaller  size 

»  Corda :  Prodr.  Bohm.  Trilob.  (1847),  p.  73,  pi.  iv,  fig.  43.  Barrnnd©  :  Syst. 
Sihir.  Bohem.,  vol.  i  (1862),  p.  452,  pi.  xvi,  tigs.  1-15. 
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•of  the  pygidial  pleurse.  On  the  other  hand,  Pr.  RyekhoUi  (Barr.),^  to 
which  S^ter  saw  a  resemblanoey  agrees  in  the  shape  of  its  head- 
shield,  in  the  faintness  of  the  lateral  furrows  of  the  glabella,  in  the 
-size  of  the  genal  spines ;  in  the  median  taberole  on  the  oooipital  ring ; 
in  the  relative  size  of  the  eyes;  and  in  the  general  aspect  of  the 
pygidium.  But  it  differs  in  the  shape  and  proportions  of  the  glabella 
and  of  the  thorax;  in  the  absence  of  lateral  occipital  nodules;  in 
the  shape  of  the  pleurae ;  in  the  more  rapidly  tapering  axis  of  the 
pygidium ;  and  in  the  smooth  test.  Pr.  Fletcheri  shows,  therefore, 
a  much  closer  resemblance  to  Pr,  bohemicua  than  to  Pr,  ByckholU, 

EXPLANATION    OP    PLATE    I. 
Fio.  1. — ZicJiM  »cutaU$.     Salter's  original  specimen,  a  954  ;  Wenlock  Limestone, 

Malvern,     x  IJ. 
Fio.  2. — Liehw  scutalu.      Fletcher  Collection  specim^  ;    Wenlock  Limestone, 

Malvern,     x  l\, 
Fio.  3. — Zichas  scutalvf,    Hj-postome  of  Fletcher  Collection  specimen,     x  2. 
Fio.  4. — Lichas  acntalia.     Outline  restoration,      x  24. 
Fio.  5. — Ti-oettts  Ftctcheri.     Salter's  specimen,  a  825 ;  Wenlock  Limestone,  Dudley. 

X  2. 
Fio.  6. — Proetm  Fletcheri.     Side  view  of  same  specimen. 

Note. — The  two  figured  specimens  of  Lichas  scittalis  are  bent  up  at  the  head  and 
tail,  causing  .some  foreshortening  of  these  parts  in  the  figures,  and  the  ends  of  the 
pleune  to  be  widely  separated. 

IV. — Note  on  thb  Pbepabation  of  Sphkrulites. 
By  IIexry  Bassett,  Jun. 

LAST  February,  while  working  in  the  Chemical  Laboratory  of 
University  College,  London,  I  had  occasion  to  make  some 
sulpbanilio  acid.  This  was  done  in  the  usual  way  by  heating  a  mixture 
of  100  grammes  of  concentrated  sulphuric  acid  and  30  grammes  of 
aniline  to  180^-190°  C.  in  an  oil  bath  for  four  hours.  The  flask 
containing  the  mixture  was  left  in  the  oil  bath  to  cool,  and  on 
examining  it  the  next  day  I  was  surprised  to  find  that  the  solid  mass 
inside  had  developed  a  beautiful  spherulitic  structure.  As  I  believe 
this  has  never  been  observed  before,  it  may  be  worth  a  description. 

In  colour  the  material  is  a  bluish  (or  sometimes  greenish)  grey, 
and  it  is  practically  a  mass  of  spherulites,  some  of  which  are  an 
inch  in  diameter.  They  are  mostly  well  developed,  and  are  slightly 
lighter  in  tint  than  any  intervening  portions  of  the  mass  in  which 
a  spherulitic  structure  is  only  faintly  visible.  They  consist  of 
concentric  layers,  alternately  nearly  white  and  pale  blue  in  colour, 
with  rather  ragged  edges,  as  may  be  seen  in  the  figure.  Adjacent 
spherulites,  or  sometimes  even  what  ai-e  apparently  simple  ones, 
often  exhibit  sharp  divisional  planes  like  joints,  from  the  one  having 
grown  up  against  another  as  they  were  developing  from  independent 
centres,  lliough  these  centres  cannot  in  all  cases  be  seen,  there  is 
sufficient  evidence  in  others  to  justify  applying  this  explanation  to 
all.  The  mass,  judging  from  the  position  of  the  spherulites,  seems 
to  have  started  crystallizing  from  a  number  of  independent  points, 
both  on  the  surface  of  the  glass  and  on  the  surface  of  the  molten 
.  mixture. 

1  Barrande :  Syst.  Silur.  Eohem.,  vol.  i  (18o2),  p.  439,  pi.  xv,  fig;?.  15-19. 
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As  pure  Bulphanilio  acid  is  colourless  the  bluisb-grey  colour  must 
be  due  to  the  production  in  the  course  of  the  reaction  of  a  small 
quantity  of  impurity,  which  is  of  the  nature  of  an  aniline  dye. 

When  we  come  to  study  the  spherulites  more  closely  we  find  that, 
not  only  do  they  exhibit  an  alternation  of  colour  in  concentric  shells, 
but  also  that  near  the  upper  surface  of  the  mass,  as  incomplete 
spherulites  developed  downwards  these  were  prolonged  as  a  kind 
of  film  on  the  suiface  of  the  glass  aboye  the  solid  mass,  this  film 
no  doubt  being  originally  caused  by  the  adherence  to  the  glass  of 
a  small  quantity  of  liquid  when  the  vessel  was  shaken.  An 
examination  of  this  thin  section  (as  it  were)  of  a  spherulite  shows 
that  the  pale  bands  in  the  solid  mass  are  continued  on  the  surface 
of  the  glass  as  bands  of  closely  packed  crystals,  while  the  dark 
bands  coincide  with  the  bands  on  the  glass  where  there  are  very 


Photograph  of  the  bottom  of  a  flask  containinj^  the  spherulitic  structure. 

few  crystals.  It  is  thus  quite  obvious  that  the  alternate  dark  and 
light  rings  of  the  spherulites  have  been  caused  by  a  zoning  out 
of  the  sulphanilic  acid,  the  interstices  having  been  filled  up  by  the 
blue,  very  viscous  magma  (for  only  about  40  per  cent,  of  the  mass 
\%  sulphanilic  acid,  the  rest  being  chiefly  sulphuric  acid).  On  this 
supposition  the  rings  would  be  formed  as  follows :  —  A  ring  of 
fadiating  crystals  would  first  be  formed  round  some  nucleus,  but  as 
the  surrounding  magma  would  thus  be  deprived  of  most  of  the 
sulphanUic  acid  it  contained  in  solution,  this  ring  would  be  succeeded 
by  a  ring  where  there  were  very  few  crystals,  then  another  ring 
with  a  great  many  crystals  would  follow,  and  so  on.  The  formation 
of  these  spherulites  would  thus  be  very  analogous  to  the  formation 
of  '  Napoleonite '  and  spheroidal  granites,  to  take  extreme  cases, 
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while  even  spherulites  in  glassy  igneoas  rooks  often  show  similar 
ooloiir-bandiDg.  This  zoning  out  of  the  sulphanilic  acid  acoonnts- 
for  the  ragged  edges  of  the  rings,  while  the  existence  of  a  hollow 
at  the  top  of  the  mass  where  the  spherical  surface  of  the  sphemlitea 
can  he  seen  also  points  to  the  liquid  magma  having  thus  been 
soaked  up. 

I  have  since  several  times  repeated  the  experiment,  and  find  that 
the  spherulitic  structure  is  deyeloped  every  time,  provided  that  the 
liquid  is  allowed  to  cool  slowly,  although  even  when  cooled  quickly 
one  or  two  may  be  formed.  The  size  of  the  spherulites  obtained 
varies  greatly ;  on  one  occasion  I  prepared  one  which  was  two  inches- 
in  diameter,  but,  as  is  so  often  the  case  in  nature,  the  moderate-sized 
ones  are  generally  the  prettiest.  Sometimes,  after  having  left  the 
flask  to  cool,  I  found  next  day  that  the  material  had  not  all  solidified, 
but  that  there  was  a  floating  crust  with  spherulites  growing 
downwards  and  also  a  solid  layer  at  the  bottom  with  spherulites 
growing  upwards,  thus  confirming  the  opinion  as  to  independent 
development  from  the  two  surfaces  which  I  had  formed  from  the- 
examination  of  the  first  batch  obtained.  I  should  add,  however, 
that  the  spherulitic  structure  is  not  always  developed  on  the  free 
surface  of  the  mass,  nor  have  I  been  able  to  prepare  again  the 
spherulitic  films  (if  I  may  so  call  them)  on  the  sides  of  ^e  flask. 
The  time  taken  for  the  mass  to  crystallize  completely  varies  from 
one  to  three  days,  depending,  I  imagine,  on  the  amount  of  impurity 
present  When  the  cr^'stallization  takes  place  very  slowly  it  is  very 
beautiful  to  watch  the  small  spherulites  gradually  growing  in  a  dark, 
almost  black,  magma,  until  finally  it  is  completely  transformed  into 
spherulites.  In  this  intermediate  state  the  specimen  looks  very 
much  like  spherulitic  obsidian. 

When  the  spherulites  are  formed  very  slowly  the  zones,  which 
are  so  noticeable  in  specimens  which  have  formed  more  quickly^ 
are  not  nearly  so  frequent  or  well-marked.  This  perhaps  is  due  to 
the  fact  that,  as  the  cryRtallization  is  so  slow,  diffusion  is  able  to 
prevent  the  magma  round  the  centres  of  crystallization  becoming 
exhausted. 

I  may  add  that  the  sulphuric  acid  present  renders  the  mass  very 
deliquescent,  so  that  in  order  to  preserve  it  the  flask  containing  it 
should  be  sealed  off  in  the  blowpipe  flame. 

After  about  two  months'  keeping  the  mass  begins  to  recrystallize, 
and,  in  course  of  time,  the  original  structure  is  entirely  obliterated 
and  replaced  by  an  immense  number  of  small  spherulites  about 
1  mm.  in  diameter.  This  molecular  change  is  curious,  but  the  fact 
that  not  even  the  external  form  of  the  original  spherulites  is  pre- 
served, is  probably  due  to  the  presence  of  fluid,  which,  when 
recry stall ization  took  place,  was  able  to  escape  and  collect  at  the 
bottom  of  the  flask. 

My  thanks  are  due  to  Mr.  Coomara-Swamy  for  having  very 
kindly  photographed  the  structure  for  me.  This  figure,  however,, 
does  not  represent  the  best  specimen,  for  the  shape  of  the  vessel 
in  which  that  had  been  formed  was  unfortunately  unsuitable  for 
photographing. 
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V. — ^Thb    Soukcbs   and    Distribution    of    the    Far-Tbavkllkd 
Boulders  or  East  Yorkshire. 

By  J.  W.  Stathbb,  F.G.S. 

ABOUT  ten  years  ago,  when  studying  the  drifts  of  East  Yorkshire, 
Mr.  O.  W.  Lamplugh  counted  and  roughly  classified  the  larger 
boulders  of  Flamborough  Head  and  other  selected  localities  on  the 
coast.  This  work  has  been  continued  by  members  of  the  Hull 
(Geological  Society,  who  have  up  to  the  present  time  recorded  nearly 
four  thousand  boulders,  of  twelve  inches  and  upwards  in  diameter. 
To  avoid  possible  error,  arising  from  the  moving  beach  and  other 
causes,  only  the  boulders  actually  in  place  in  the  clay  were  noted,  or 
8n<di  as  had  obviously  recently  fallen  from  the  cli£fs.  The  whole 
nof~the  coastline  from  Spurn  to  Flamborough  has  been  surveyed  in 
this  way,  and  also  portions  of  the  coast  north  of  Flamborough  as  far 
as  Saltbum.  The  lists  thus  prepared  have  been  published  from 
time  to  time  by  the  Hull  (Geological  Society  and  by  the  Erratic 
Blocks  Committee  of  the  British  Association. 

These  lists  bring  to  light  several  interesting  and  previously 
unnoticed  facts  with  regard  to  the  distribution  of  the  far-travelled 
boulders,  especially  when  the  lists  obtained  at  Dimlington  and 
Bedoliff  in  South  Yorkshire  are  compared  with  the  lists  from 
Upgang  and  Saltbum  in  the  north.  Before,  however,  discussing  the 
statistics  of  the  boulders,  it  will  be  advisable  to  give  a  brief 
description  of  the  localities  where  the  lists  were  compiled. 

(i)  Dimlington  is  situated  on  the  sea-coc^t  near  the  southern 
extremity  of  Holderness.  The  cliffs  average  about  eighty  feet  in 
height  for  upwards  of  two  miles,  and  are  entirely  composed  of 
glacial  material,  chiefly  boulder-clay.  Here  were  noted  334  boulders 
of  twelve  inches  and  upwards  in  diameter.^ 

(ii)  Beddiff  is  on  the  north  shore  of  the  Humber,  near  North 
Ferriby,  and  is  twenty-four  miles  west-north-west  of  Dimlington. 
Hie  cliff  continues  along  the  Humber  side  for  two-thirds  of  a  mile 
with  an  average  height  of  eighteen  feet,  and  together  with  the 
adjacent  beach  is  composed  of  lx>ulder-clay.  The  boulders  recorded 
hare  were  373  in  number.^ 

(iii)  Upgang  is  one  and  a  half  miles  north  of  Whitby ;  the  cliff 
sections  are  one  hundred  feet  or  more  in  height,  and  consist  largely 
of  boulder-clay.  In  this  neighbourhood  Mr.  Lamplugh  counted  and 
classified  two  hundred  boulders  of  twelve  inches  and  upwards  in 
diameter,  the  majority  of  which  were  of  local  origin ;  the  percentages 
given  in  the  table  below  are  based  on  his  list' 

(iv)  The  cliffs  between  Saltbum  and  Bedcar  present  the  mo'st 
northern  exposure  of  boulder-clay  on  the  Yorkshire  coast.  These 
sections  yielded  133  boulders  of  twelve  inches  and  upwards  in 
diameter.* 

*  Trans.  Hull  Geol.  Soc,  vol.  iii,  p.  6. 

'  Proc.  Torkshire  Geol.  and  Polytwh.  Soc.,  vol.  xiii,  pt.  2,  p.  211. 
»  Ibid.,  vol.  xi,  pt.  3,  p.  403. 

*  Trans.  Hull  GeoL  Soc.,  vol.  iii,  p.  7. 
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After  eliminatiDg  all  the  local  boulders  from  the  lists,  at  the 
above-mentioned  localities,  the  relative  proportion  between  the 
several  groups  of  far-travelled  boulders  is  as  follows  : — 


Groups. 

I. 

DiMLINGTON. 

II. 
Rbdclifp. 

III. 

IJPOANO. 

IV. 
Saltbubk. 

1.  Carboniferous    limestones 

and  sandstones      

2.  Basalt  (Whin  SiU)    

3.  Magnesian  limestone 

4.  Granite,  gneiss,  etc 

percent. 

55 

32 

0 

13 

percent. 

59 

30 

0 

11 

per  cent. 

70 

24 

5 

1 

per  cent. 

73 

20 
7 
0» 

100 

100 

100 

100 

It  will  be  seen  from  the  above  table  that  among  the  far- 
travelled  boulders  of  the  East  Yorkshire  drift  deposits,  Carboniferous 
rocks  (group  1)  take  numerically  the  leading  position  ;  and  the 
Carboniferous  area  west  and  north  of  the  Tees  is  generally  regarded 
as  their  place  of  origin.  Group  2  consists  of  boulders  of  black 
basalt,  very  plentiful  in  East  Yorkshire  and  very  easy  to  distinguish. 
The  source  of  these  basalts  is  undoubtedly  the  Whin  Sill.  It  is 
clear,  then,  that  groups  1  and  2  have  travelled  into  our  district 
from  practically  the  same  area;  nevertheless,  it  will  be  seen,  on 
referring  to  the  above  table,  that  the  relative  proportions  of  the 
boulders  from  the  two  groups  vary  considerably  from  point  to 
point  Thus,  while  both  groups  probably  decrease  numericdUy 
southwards,  the  percentages  show  that  the  basaltic  group  increases 
relatively  from  Saltburn  southwards.  The  obvious  explanation  seems 
to  be  that  large  boulders  of  basalt  bear  transport  better  than  similar 
masses  from  the  Carboniferous  sedimentary  rocks. 

The  Magnesian  limestone  (group  3)  occurring  in  the  East  York- 
shire boulder-clays  is  matched  by  the  rock  found  in  sitti  at  Boker, 
near  Sunderland.  This  limestone  Is  rarely  found  except  as  pebbles 
in  South  Holdemess,  but  these  grow  perceptibly  in  numbers  and 
size  northwards.  Large  boulders  begin  to  appear  north  of  Scar- 
borough, and  at  Whitby  and  Saltbum  they  form  from  5  to  7  per  cent, 
of  the  foreign  boulders  present  in  the  clays. 

Besides  the  above-mentioned  rocks,  the  East  Yorkshire  drifts, 
especially  in  the  southern  parts  of  Holdemess,  are  rich  in  boulders 
of  igneous  rocks  of  widely  diverse  types,  and  these  are  included  in 
group  4.  Phillips  long  ago  pointed  out  that  in  the  drifts  of  the 
Yorkshire  coast  there  were  rocks  from  the  English  Lake  District ; 
and  it  is  now  certain  also  that  the  Cheviots  and  Scandinavia  are 
well  represented ;  but  the  source  of  by  far  the  greater  number  of 
the  rocks  included  in  this  group  is  not  yet  known.  The  table 
shows  that  the  boulders  of  group  4  diminish  both  numerically  and 

^  This  group  was  not  represented  by  any  bonlders  of  the  requisite  size  in  the  cliff 
sections  when  this  table  was  compiled,  but  several  large  boulders  of  Shap  eranite 
were  seen  in  the  gardens  and  about  the  town,  which  had  probably  been  aerived 
from  the  neighbouring  drifts. 
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proportionately  northwards,  the  figures  being  13  per  cent,  at 
Dimlington  and  1  per  cent,  at  Whitby.  This  northward  decrease 
of  the  group  as  a  whole  is  all  the  more  noteworthy  when  we 
remember  that  the  Shap  granites  and  the  Cheviot  porphyrites,  both 
included  in  group  4,  increase  rapidly  in  the  same  direction.  This 
seeming  anomaly  arises,  I  think,  from  the  influence  of  the  boulders 
from  Scandinavia.  Among  the  boulders  of  South  Holderness  occur 
very  commonly  rocks  which  agree  with  certain  well-known  types 
of  Scandinavia;  of  these  the  best  known  are  the  augite-syenite 
(laurvikite)  and  the  rhomb-porphyry.  These  types,  although  not 
"by  any  means  unknown  in  the  drifts  of  North  Yorkshire,  are  much 
rarer  there  than  in  the  south.  For  instance,  at  Dimlington  one 
hundred  specimens  of  the  Scandinavian  rocks  above  named  would 
be  found  to  one  of  Shap  granite,  while,  on  the  other  hand,  at  Bobin 
Hood's  Bay  or  Buns  wick  Bay  (both  near  Whitby)  the  Shaps  out- 
number the  Norsemen  by  at  least  twenty  to  one.  Seeing,  then,  that 
the  known  Scandinavian  rocks  in  group  4  are  much  more  common  in 
the  south  of  the  county  than  in  the  north,  and  that  the  distribution 
of  the  unidentified  rock  types  included  in  the  same  group  agrees  in 
this  respect  with  the  Scandinavian  rocks,  I  think  it  may  be  fairly 
inferred,  that  these  unidentified  rocks  are  probably  largely  from 
Scandinavia  also. 

Mr.  Barker  arrived  at  a  similar  conclusion  when  examining 
Mr.  Lamplugh's  Flamborough  specimens.^  He  regarded  the  bulk 
of  the  granitic  and  gneissio  specimens  as  having  been  derived 
either  from  Scandinavia  or  from  the  Scottish  Highlands,  and 
remarks :  **  Among  these  are  some  undoubted  Norwegian  rocks, 
while  none  can  be  pointed  out  as  certainly  brought  from  Scotland. 
It  may  be,  then,  that  the  whole  of  the  doubtful  rocks  are  also  of 
Norwegian  origin." 

It  is  worthy  of  note  with  regard  to  the  smaller  boulders  and 
•pebbles  of  the  boulder-clay  and  gravels  of  East  Yorkshire  that 
among  these  the  percentage  of  the  far-travelled  rocks  is  much 
higher  than  among  the  larger  boulders.  There  are  certain  types 
also  among  the  smaller  specimens  which  seldom  appear  as  large 
boulders.  Among  these  is  a  fairly  definite  group  of  rocks,  which 
4ire  known  among  East  Yorkshire  collectors  as  porphyrttes,  and  are 
referred  with  some  confidence  to  the  Cheviot  Hills.  The  evidence 
in  snpport  of  this  conclusion  may  be  briefly  stated  as  follows: — 
(1)  The  erratics  seem  to  match  the  descriptions  of  the  Cheviot 
rocks  published  by  Mr.  J.  J.  H.  Teall  and  others.  (2)  Pebbles  of 
these  rocks  increase,  both  in  numbers  and  in  size,  as  we  approach 
the  Cheviot  district.  (3)  During  a  recent  excursion  (July,  1900)  to 
the  Cheviot  Hills,  arranged  by  the  Yorkshire  Geological  and  Poly- 
technic Society,  many  rocks  similar  to  these  East  Yorkshire  erratics 
were  seen  in  place. 

There  is  still  another  note  to  be  made  with  regard  to  the  Cheviot 
boulders,  and  that  refers  to  their  vertical  distribution.     I  think  it 
will  be  found,  that  the  Cheviot  rocks  are  more  plentiful  in  the 
*  Proc.  Yorkshire  Qeol.  and  Polytech.  Soc,  vol.  li,  pt.  3,  p.  409. 


Digitized  by  VjOOQ IC 


^20  R.H.  Tiddeman—Fotmation  of  Reef  Knolh. 

apper  days  along  oar  coast  than  in  the  lower  beds.  But  however 
this  may  be,  it  is  quite  certain  that  the  somewhat  soanty  drift  that 
reaches  farthest  up  the  valleys  on  our  coast,  and  climbs  the  eastern 
flank  of  the  Yorkshire  wolds,  and  the  Oolitic  moorlands,  is,  as  far  as- 
the  foreign  boulders  are  concerned,  composed  almost  entirely  of 
rocks  from  the  Cheviot  area.  The  Scarborough  district  supplies- 
a  good  example  of  this  rule.  The  comparatively  low  ground 
adjacent  to  the  sea  is  covered  with  thick  drift  full  of  boulders  of 
the  usual  types.  On  the  other  hand,  Seamer  Moor,  which  is  a  mile- 
and  a  half  west  of  the  town  and  six  hundred  feet  in  height,  is- 
oapped  by  drift,  the  foreign  pebbles  of  which  are  largely  porphyrites.. 
It  must  not  be  understood  from  this,  however,  that  other  types  ar& 
entirely  absent  at  high  levels.  Occasional  specimens  from  probablyr 
all  the  groups  are  found  wherever  the  drifts  extend.  But  the  rule 
is,  that  at  high  levels  and  along  the  westeni  mai*gin  of  the  drift 
generally,  the  porphyrites  prevail.  And  if  we  follow  that  very 
ill-defined  line  which  separates  the  drift  areas  from  the  driftless, 
it  will  be  generally  found  that  the  outermost  fringe  of  straggling 
pebbles  on  the  fields  is  largely  composed  of  porphyrites. 

All  the  facts  respecting  the  distribution  of  the  boulders  of 
East  Yorkshire,  as  far  as  I  have  seen,  appear  to  agree  with  the* 
su^osition  put  forward  by  Mr.  Lamplugh  in  his  paper  on  the  drifts- 
of  Flamborough  Head,^  viz.,  that  the  North  Sea  ice-sheet  attained  it» 
maximum  development  and  reached  farthest  inland  before  the  ice 
flowing  from  the  north-west  had  reached  this  part  of  the  coast,  and* 
that  the  North  Sea  ice  dwindled  away  as  the  flow  from  the  Pennine- 
Chain  and  the  Cheviots  gained  strength. 


VI. — On  the  Formation  of  Ekef  Knolls.' 

By  R.  H.  TiDDEMAN,  M.A.,  F.G.S. 

(Communicated  by  permission  of  the  Director-General  of  the  Geological  Survey.) 

AT  the  meeting  of  the  British  Association  at  Newcastle  in  1889^ 
I  brought  out  my  interpretation  of  the  probable  origin  of  the 
limestone  knolls  of  Yorkshire.^ 

It  was  shown  that  the  Lower  Carboniferous  Rocks  in  the  North 
of  England  had  two  distinct  types— that  the  Yoredale  or  Northern^ 
type  extended  from  the  Craven  Faults  to  the  Tyne,  and  that  the 
Southern  or  Bowland  type  occupied  the  country  from  the  Craven 
Faults  to  near  the  Western  Seaside  plain  and  extended  south  as- 
far  as  Derbyshire.  Without  now  recalling  the  two  tables  of  the 
succession  there  given,  I  mentioned  specially  the  curious  construction^ 
of  certain  mounds  of  limestone  which  I  called  reef-knolls,  gave  my 
reasons  for  supposing  that  they  had  been  gradually  built  up  on 
a  slowly  sinking  sea  bottom  by  the  gradual  accretion  of  animal  • 
remains  somewhat  in  a  similar  manner  to  coral  reefs.  I  also  showed 
that  from  the  enormously  disproportionate  thickness  of  rocks  in  the 

1  Q.J.G.S.,  vol.  xlvii,  d.  428. 

*  Read  before  the  Britisn  Association,  Section  C  (Geology),  Bradford,  Sept.,  1900. 

8  Report  Brit.  Assoc,  1889. 
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:area  of  the  downthrow  side  and  from  other  considerations  there  was 
-every  reason  to  suppose  that  the  Craven  Faults  were  actually  taking 
place  during  the  formation  of  those  rocks. 

My  friend  Mr.  J.  E.  Marr,  F.R.S.,  has  in  a  most  courteous  way, 
ivhilst  taking  my  geological  mapping  as  for  the  most  part  correct, 
found  reasons  for  dissenting  from  all  the  groundwork  on  which  it 
was  founded.^  In  combating  Mr.  Marr's  views  I  offer  no  opinion 
^m  knolls  of  other  localities  or  other  ages  which  he  brings  forward 
in  support  of  his  views.  I  speak  only  of  the  Carboniferous  knolls 
of  which  I  have  written,  and  with  which  I  am  well  acquainted. 
Speaking  generally,  I  think  the  differences  between  us  may  be  thus 
summarized : — 

1.  Mr.  Marr  disagrees  with  my  reading  of  the  succession  and 
thickness  of  the  rocks  on  the  south  side  of  the  Craven  Faults,  and, 
whilst  I  consider  that  we  have  two  distinct  successions  of  different 
thickness  caused  by  a  difference  in  the  rate  of  submergence  in  the 
two  districts,  and  by  shallower  and  deeper  seas,  he  regards  the 
rocks  on  both  sides  as  having  been  one  series  of  like  thickness  in 
orderly  sequence  to  the  north,  but,  so  to  speak,  shuffled  by  earth- 
fldovements  on  the  south  of  those  faults  and  repeated  several  times 
hy  overthrusts. 

la.  In  illustration  let  us  take  a  pack  of  cards,  say  arranged  in 
-suits  as  representing  the  regular  country  on  the  north  side,  and 
^veral  packs  similarly  arranged  to  represent  the  greater  thickness 
on  the  south  side.  Shuffle  these  last  to  represent  the  supposed 
disturbance  and  overthrusting.  Shall  we  always  find  after 
shuffling  the  same  general  succession?  Yet  over  a  tract  reaching 
from  Draughton  to  Chipping  and  from  Settle  to  Derbyshire,  we  do 
get  snob  a  general  succession,  and  that  does  not  at  all  resemble  the 
succession  on  the  north  side  of  the  faults.  The  overthrusting  to  do 
this  effectually  must  cover  the  whole  of  this  wide  area  comprised  in 
three  or  four  counties,  and  not  confine  its  operations  to  a  narrow 
disturbed  belt  near  the  Craven  Faults.  Is  Mr.  Marr  prepared  to 
make  his  erogenic  movements  extend  over  so  large  an  area,  and 
thereby  arrange  the  whole  country,  which  they  break  up,  into  so 
orderly  a  disposition  ? 

2.  Mr.  Marr  regards  the  great  difference  between  the  black  and 
white  limestone,  the  form  and  constitution  of  the  reef-knolls,  the 
abundance  in  them  of  perfect  fossil  forms  in  a  well-preserved  state, 
the  conglomerates  and  breccias  which  accompany  them,  as  all  being 
the  result  of  what  he  calls  erogenic  movements ;  in  other  words,  of 
the  folding  repetition  and  overthrusting  of  the  rocks,  with  here  and 
there  relief  of  pressure.  More  especially  is  the  last  called  in  as 
being  the  reason  for  the  abundant  and  well-preserved  fossils  and  the 
<^ange  of  the  limestones. 

It  is  extremely  difficult  for  me  to  accept  these  views.  If  we  could 
believe  that  a  black,  well  and  thinly  bedded  limestone  can  by  any 
physical  change  be  converted  into  a  white  crystalline  mass  with 

'  Quart.  Joiirn.  Geol.  Soc,  vol.  It,  pp.  327-361. 
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little  yisible  bedding,  bat  with  abundant  fossils  in  a  perfect  state^ 
we  have  still  to  learn  what  has  become  of  the  shales  which  are 
almost  always  present  with  the  black  limestone.  If  squeezed  out^ 
as  might  be  suggested,  thej  would  at  least  leave  partings  behind,, 
and  the  rock  would  be  more  bedded  than  it  is. 

Mr.  Marr  contemplates  the  likelihood  of  several  di£ferent  lime- 
stones being  shifted  together  to  make  one  reef-knoll,  but  if  so,  are^ 
we  not  as  likely  to  get  the  thin  sandstones  of  the  Pendleside  Grit 
sandwiched  into  them  as  well  ?  Yet  sandstones  and  shale-beds  are^ 
unknown  in  the  reef-knolls. 

Mr.  Marr  makes  a  number  of  statements  about  what  he  calls  the^ 
Ys  of  the  Middle  Graven  Fault  His  opinion  is  that  this  is  a  great 
thrust-plane  dipping  gently  north,  and  that  the  Coal-measures  are 
forced  beneath  the  limestone,  and  so  on  along  its  course.  A  bed  of 
ooal  in  the  limestone  at  Ingleton  is  regarded  by  him  as  having  been 
forced  up  from  underlying  Coal-measures  by  pressure,  and  not  as^ 
originally  interbedded.  Unfortunately  for  these  views,  there  are  na 
proper  Vs  or  dipping  planes  of  faulting  indicated  in  the  map.  The 
sinuous  track  of  the  Craven  Fault  is  not  so  drawn  to  accommodate^ 
any  theory,  but  is  merely  put  where  the  exposures  of  rock  show  it 
to  run.  Its  wanderings  are  either  dictated  by  or  stand  in  relation 
to  the  two  principal  lines  of  jointing  in  the  limestone,  which  range 
W.N.W.  and  N.N.W.  Sometimes  one  direction,  sometimes  the 
other,  has  the  mastery.  At  Clapham  the  line  is  absolutely  straight,. 
and  does  not  curve  up-stream  as  suggested  by  Mr.  Marr.  The  coal- 
seam  mentioned  is  well  known  to  me.  On  searching  it  I  found 
several  Producti,  fairly  perfect,  embedded  in  it  and  filled  with  it,  and 
the  conclusion  I  came  to  was  that  it  was  either  a  coal-seam  which 
had  grown  on  a  reef  and  been  submerged,  or  a  deposit  of  seaweed. 
These  Produeti  seem  to  disagree  with  the  injection  theory.  Such* 
ooal-seams  are  found  occasionally  in  the  limestone.  One  near 
Kirkby  Lonsdale  has  been  worked  for  coal. 

Mr.  Marr  has  mentioned  two  places  where  knolls  of  grit  occur. 
I  do  not  admit  that  a  knoll  of  grit  can  have  anything  in  common 
with  the  reef-knolls  of  Craven  unless  it  be  the  external  form ;  but  if 
such  structures  were  made  by  earth  thrusts  and  abounded,  it  would 
no  doubt  be  a  strong  point  in  favour  of  his  views.  One  of  these- 
grit  knolls  is  said  to  be  in  the  canal  at  the  back  of  Shipton  Castle. 
I  think  this  must  be  an  error.  I  know  of  no  sandstone  in  that 
locality,  though  I  know  it  well.  I  have  consulted  others  who  are, 
as  geologists,  conversant  with  Shipton,  competent  to  form  an  opinion,, 
and  they  agree  with  me  that  nothing  but  limestone  and  shales  occur 
in  that  canal  at  that  point.  The  beds  there  are  certainly  contorted, 
but  they  are  not  sandstone,  and  contortions  do  not  necessarily  imply 
reef-knolls. 

I  feel  unable  to  regard  Mr.  Marr's  'model  knoll'  as  in  any  respect 
resembling  what  I  have  called  reef-knolls.  That  is,  according  to  his^ 
views,  a  broken  plication  of  a  thin  hard  bed  of  limestone  in  a  mas» 
of  softer  shale,  the  shale  surrounding  its  broken  fragments.  The- 
knolls  to  which  I  ctiude  are  almost  solid  limestone  from  top  to  base* 
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They  haye  no  alternations  of  hard  and  soft  beds,  and,  so  far  as  I  have 
seen,  no  repetition  of  beds  by  folding.  The  evidences  of  movement 
on  their  flanks,  if  any,  are  not  more  than  one  would  expect  from  the 
vertical  pressure  of  a  more  or  less  plt^tio  shale  upon  what  is  at  least 
a  less  plastic  limestone. 

I  admit  fully  that  there  are  abundant  evidences  in  the  district  of 
faulting,  of  great  pressure,  and  quite  likely  of  overthrusts ;  but  to 
say  that  these  have  given  to  these  rooks  a  change  of  character,  or  are 
responsible  for  the  order  of  their  succession,  appears  to  me  to  be 
invoking  an  unnecessarily  powerful  but  yet  inadequate  force.  Such 
thmst-planes  as  are  implied  would  meet  the  geologist  in  the  field 
at  every  turn,  and  force  themselves  into  recognition.  They  would 
admit  of  easy  mapping,  and  no  statement  of  their  existence  would 
be  complete  without  some  such  systematic  recognition. 


la-OTIOSS    OIF    -L/LSll^OTR^. 


L  —  On  some  Beobnt  Gboloqioal  Disoovebies  in  the  Nile 
Valley  akb  Libyan  Desekt.^  By  Hugh  J.  L.  Beadnell, 
F.aS.,  F.B.G.S. 

rthis  paper  the  author  draws  attention  to  some  interesting 
disooveries  made  by  him  during  the  last  three  or  four  years 
while  attached  to  the  Geological  Survey  of  Egypt.  When  the 
latter  Survey  was  established  in  1896  the  publications  and  maps, 
both  geological  and  geographical,  of  the  Bohlfs  Expedition  of 
1873-74  still  remained  the  only  source  of  information  on  the  greater 
part  of  Egypt 

In  his  geological  reports  Zittel,  the  geologist  of  the  Bohlfs 
Expedition,  calls  special  attention  to  the  absence  of  any  uncon- 
formity between  the  Cretaceous  and  Eocene  deposits,  in  fact 
mentioning  this  as  one  of  the  most  important  results  obtained. 
More  extended  researches  have,  however,  enabled  the  author  ''to 
bring  forward  incontestable  evidence  from  at  least  two  areas  in  the 
Libyan  Desert,  namely,  Abu-Boash,  near  Cairo,  and  Baharia  Oasis, 
that  instead  of  this  perfectly  gradual  petrographical  and  palsdonto- 
logical  passage,  undisturbed  by  any  unconformity,  from  the  upper- 
most marine  Chalk  into  the  oldest  Tertiary  beds,  there  is  as  a  matter 
of  fact  a  strongly  marked  unconformity,  representing  a  long  lapse 
of  time  in  the  process  of  sedimentation.  During  this  period  the 
Cretaceous  was  elevated  into  land,  often  with  intense  folding  and 
faulting,  and  underwent  considerable  denudation  before  subsidence 
led  to  the  entire  or  partial  submergence  of  the  area  below  the  sea,  and 
allowed  the  deposition  of  successive  beds  of  Eocene  in  a  markedly 
overlapping  manner." 

The  accompanying  table  is  compiled  chiefly  from  the  work  of 
Professor  Zittel  and  the  Geological  Survey  of  Egypt 

'  Abstract  of  a  paper  read  (with  the  permission  of  Captain  H.  G.  Lyons,  K.E.» 
F.6.8.,  the  Director-General  of  the  Egyptian  Geological  Survey)  before  the  Inter- 
national Geological  Congress  at  Paris,  1900. 
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The  author  then  discusses  separately  several  typical  localities, 
^hich  may  be  briefly  alluded  to. 

AhurBoash. — ^This  peculiarly  interesting  Cretaceous  complex,  near 
<7airo,  bas  been  described  by  Walther  and  Schweinfurth  as  having 
been  brought  into  position  among  the  Eocene  deposits  by  faults 
along  its  four  sides.  This  view,  however,  is  strongly  opposed  by 
the  author,  who  maintains  that  the  fault  theory  is  absolutely 
untenable,  "  as  a  most  casual  examination  of  the  boundary  of  the 
Cretaoeous,  at  almost  any  point  where  its  junction  with  the  Eocene 
was  visible,  instead  of  suggesting  the  existence  of  faults,  yielded 
indubitable  evidence  of  their  absence,  and  the  presence  instead  of 
a  well-marked  unconformity."  At  some  points  ''the  upper  surface 
of  the  white  chalk  of  the  Cretaceous  shows  a  most  irregularly 
eroded  surface,  which  is  covered  by  a  bed  of  rolled  pebbles,  some- 
^mea  a  metre  thick,  the  latter  being  overlaid  by  a  thick  bed  of 
Eocene  shelly  limestone,  followed  by  a  series  full  of  characteristic 
Upper  Mokattam  fossils.*'  The  author  further  points  out  the 
existence  in  this  area  of  Danian  beds,  the  uppermost  member 
(White  Chalk)  being  apparently  homotaxial  with  the  White  Chalk 
of  Baharia  and  Farafra. 

Baharia  Oasis.  —  Of  the  remarkable  sand  belt  which  occurs 
between  the  Nile  Valley  and  this  oasis,  the  author  says : — **  This 
saxkd  belt  has  a  total  breadth  of  five  kilometres,  and  runs  slightly 
weat  of  north  and  east  of  south  (parallel,  in  fact,  to  the  normal 
direction  of  the  wind).  Its  origin  is  much  further  north,  probably 
in  the  neighbourhood  of  the  oasis  of  Moghara,  while  to  the  south 
it  runs,  as  far  as  known  unbroken,  into  the  depression  of  Eharga, 
whence,  after  a  slight  break,  it  continues  southwards.  Its  length 
As  thus  certainly  over  350  kilometres.  The  dunes  are  composed  of 
light-yellow,  siliceous,  well-rounded  sand-grains.  The  steepest  sides 
-are  those  facing  west,  which  have  an  angle  of  30^-31^.  It  is 
a  remarkable  sight,  this  narrow  band  of  sand  dunes  extending  across 
the  open  desert  as  far  as  the  eye  can  reach,  maintaining  an  almost 
exactly  straight  course,  an  even  breadth,  and  with  sides  as  well 
-defined  as  if  drawn  with  the  edge  of  a  ruler." 

The  author's  work  shows  that,  contrary  to  original  ideas,  there  is 
in  reality  a  remarkable  development  of  Cretaceous  rocks  in  the 
oasis  of  Baharia  and  the  surrounding  desert  on  the  west  and  south 
eidee. 

The  lowest  beds,  consisting  of  sandstones,  clays,  and  marls,  attain 
-a  thickness  of  170  metres,  and  are  of  Cenomanian  age.  Above  them 
come  limestones  and  variegated  sandstones  (45  metres),  followed  by 
white  chalk  of  Danian  age,  40  metres  thick.     (See  Table.) 

As  at  Abu-Boash,  the  junction  between  the  Cretaceous  and 
Eocene  is  unconformable,  the  deposits  of  the  latter  overlapping 
flocoessively  the  different  beds  of  the  former. 

The  author,  in  discussing  the  age  and  origin  of  the  peculiar 
ferruginous  quartzites  which  so  constantly  cap  the  numerous 
isolated  hills  within  the  depression,  brings  forward  evidence  which 
iends  to  show  that  these  *'  were  deposited  in  a  lake  which  formed 
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here  when  there  existed  only  a  slight  depression  in  the  Eooene  ani? 
Cretaceous  rooks,  ages  in  fact  before  erosion  had  carved  out  the 
depression  to  its  present  form.  The  large  amount  of  ferruginous^ 
material  and  general  character  of  the  beds  point  to  freshwater 
lacustrine  deposition  and  precipitation.  Lithologically  they  are 
often  exactly  similar  to  the  Oligocene  beds  of  the  Fayum  and  Jebel 
Ahmar,  and  to  the  deposits  on  the  road  between  Feshn  and  the^ 
oasis,  and  it  may  be  that  they  are  of  the  same  age." 

The  author  states  that  the  igneous  rocks  of  Baharia  are  of  Post- 
Cretaceous,  probably  Oligocene,  age,  contemporaneous  wiUi  the^ 
basalt  sheets  of  the  Fayum,  of  Abu-Boash  and  the  desert  to  the 
west,  and  of  Abu-Zabel;  and  that  the  andesites  of  the  Libyan 
desert  at  Bahnessa,  Gara  Soda,  and  Jebel  Gebail  were  likewise 
erupted  at  the  same  time. 

After  describing  the  important  folds  which  occur  in  Baharia  the- 
author  continues: — ''The  Cretaceous  beds  as  a  whole  evidently 
form  a  large  anticline  ....  which  has  its  axis  more  or  lesa 
parallel  to  the  syncline  already  described.  It  is  continued  into  the 
north  end  of  Farafra,  where  the  dip  is  well  marked  .  .  .  - 
Yet  the  Eocene  beds  forming  the  plateau  are  in  general  quite 
horizontal,  even  in  close  proximity  to  inclined  Cretaceous  beds 
•  •  .  .  it  seems  certain  that  the  Cretaceous  beds,  after  the^ 
deposition  of  the  White  Chalk  of  Danian  age,  underwent  upheaval, 
denudation,  and  finally  depression,  before  the  deposition  of  the 
earliest  Tertiary  beds. 

''In  this  part  of  Egypt  it  appears  that  the  subsiding  Cretaceous 
land  had  the  form  of  a  long,  flat,  irregular  ridge  of  anticlinal 
structure,  extending  from  Dakhla  oasis  through  Farafra,  Baharia^ 
and  Abu-Koash.  The  northern  end  of  this  ridge  was  the  last  ta 
subside  and  receive  Eocene  deposits,  which  accounts  for  the  fact 
that  in  Farafra  the  Cretaceous  is  overlaid,  always  unconformably, 
by  the  Esna  Shales  of  the  Lower  Libyan,  in  Baharia  by  limestones- 
of  the  Upper  Libyan,  and  at  Abu-Boash  by  still  younger  beds  of 
Lower  and  Upper  Mokattam  age." 

The  author  finds  other  evidence  which  "  suggests  the  probability 
that  there  was  another  period  of  possibly  even  more  important 
earth-movements  in  Post-Eocene  times.  In  this  case,  it  seems  not 
unlikely  that  the  folding  was  closely  connected  with  the  important 
series  of  earth-movements  which  took  place  in  North-East  Africa 
and  South- West  Asia  in  early  Pliocene  times,  and  which  gave  rise  to 
the  formation  of  the  chief  topographical  features  of  the  country,  sucl> 
as  the  Nile  and  Jordan  valleys  and  their  attendant  series  of  lakes." 

The  author's  theory  as  to  the  origin  of  these  wonderful  depressions- 
in  the  Libyan  desert  is  intei*esting,  and  may  be  quoted  in  fnlL  He 
writes: — "Baharia  is  a  self-contained  depression  without  drainage- 
outlet,  so  that  the  ordinary  methods  of  removal  of  disintegrated 
material  do  not  here  apply.  Next,  we  have  a  large,  flat,  anticlinal 
ridge  of  Cretaceous  beds,  with  at  least  one  subsidiary,  sharp,  parallel,, 
synclinal  fold,  overlaid  by  more  or  less  horizontal  beds  of  Eocene 
limestone.     Since  the  elevation  of  this  part  of  North  Africa  into  dry 
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land  in  late  Tertiary  times,  denudation  must  have  gone  on  con- 
tinaonaly  oyer  the  whole  surface  of  the  country. 

"  The  most  important  denuding  agent  at  the  present  day  in  the 
Libyan  desert  is  wind-borne  sand,  the  erosive  action  of  whiob  is 
▼eiy  powerful  and  at  once  apparent  to  every  traveller  in  these 
vegions ;  but  in  the  past  there  may  have  been,  and  probably  were, 
other  eroding  agencies  as  well  at  work  on  the  surface  of  this  part  of 
North  Africa.  Imagine,  then,  the  general  planing  down  of  the 
ooontry  little  by  little  through  a  long  interval  of  time,  until  the 
anticlinal  ridge  of  Cretaceous  beds  was  reached,  with  its  attendant 
aoft  sandatones  and  clays.  As  soon  as  the  latter  were  exposed  the 
action  of  denudation  would  have  rapidly  quickened,  chiefly  by  the 
breaking  up  of  the  constituents  of  these  beds  by  changes  of  tempera- 
ture, rains  and  frosts,  and  the  removal  of  the  resulting  sand  and 
dust  by  wind.  In  this  way  must  these  wonderful  depressions  have 
been  formed. 

'^  Gtoeralizing,  then,  we  may  say  that  where  thei'e  have  been 
extensive  deposits  of  soft  beds,  and  these  have  become  exposed  by 
the  action  of  denudation,  there  large  depressions  have  been  cut  out. 
The  existence  of  soft  Cenomanian  sandstones  and  clays  is  thus  the 
primary  cause  of  the  existence  of  the  depression  of  Baharia,  the  soft 
Eana  shales  have  played  a  similar  role  in  that  of  Farafra,  while, 
again,  Dakhla  is  cut  out  in  a  thick  series  of  soft  beds  of  Danian  age. 
Ae  other  oases  and  depressions  probably  owe  their  existence  largely 
to  the  same  cause." 

Farafra  and  DalcUa  Oaiis. — In  Farafra  the  author's  chief  additions 
to  onr  knowledge  were  rather  geographical  than  geological,  although 
■ome  evidence  is  brought  forward  to  show  that  the  very  fossiliferou^ 
clays  on  the  road  between  Farafra  and  Dakhla  are  somewhat  younger 
than  the  age  assigned  to  them  by  Zittel. 

In  Dakhla  oasis  thick  and  extensive  highly  phosphatic  bone-beds 
of  considerable  commercial  value  were  discovered. 

Fajfum, — It  was  in  this  province  that  there  existed,  some  2,000 
years  before  Herodotus,  the  celebrated  Lake  Moeris,  the  exact  site 
of  which  has  led  to  so  much  discussion.  The  author  shows  that 
the  geological  evidence,  in  the  shape  of  clays  with  numerous  fresh- 
water shells  and  fish-remains,  of  the  same  species  as  those  at  present 
inhabiting  the  existing  lake,  proves  that  the  ancient  lake  occupied 
the  lowest  part  of  the  depression,  i.e.  that  now  occupied  by  the  Birket 
el  Qomn  and  a  considerable  area  of  the  low  surrounding  country. 
His  position,  in  fact,  closely  agrees  with  that  assigned  to  the  lake  by 
Major  Brown,  who  bases  his  conclusions  chiefly  on  considerations 
of  level. 

An  extensive  series  of  fluvio-marine  beds,  with  intercalated  sheets 
of  basalt  near  the  top,  is  shown  to  overlie  the  Upper  Mokattam 
formation  throughout  the  north  part  of  the  Fayum.  This  series  is 
provisionally  regarded  as  Oligocene.  At  the  top  come  the  silicified, 
wood-bearing  sandstones,  which  stretch  northwards  across  the  desert 
to  beyond  the  latitude  of  Cairo. 

Within  the  Fayum  depression,  high  up  on  the  slopes  or  summits- 
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of  the  surroanding  ridges,  are  found  extensive  raised  beaches, 
probably  of  marine  Pliooene  age,  at  which  time  the  sea  stretched 
iar  up  the  Nile  Valley. 

Nile  Valley, — In  conclusion,  some  highly  interesting  £aots  are 
'brought  forward  with  regard  to  the  Nile  Valley  itself,  which  the 
author  summarizes  as  follows: — ''The  general  north  and  south 
direction  of  the  Nile  Valley  in  Egypt,  the  remarkable  high,  lofty, 
wall-like  cliffs  by  which  it  is  hemmed  in,  the  absence  of  any  true 
«iver  deposits  at  any  considerable  height  above  the  river,  the  almost 
-entire  absence  of  hills  or  outliers  of  the  plateau  within  the  valley, 
the  proved  existence  of  bounding  faults  throughout  a  long  stretch 
^f  the  valley,  lead  us  to  infer  that  the  formation  of  this  gorge  was 
brought  about  by  faulting,  rifting,  and  folding,  and  not  cut  out  in 
-the  usual  way  by  river  action." 

Between  Cairo  and  Assuan  the  Nile  Valley  floor  is  covered  for 
•the  most  part  with  deposits  of  comparatively  recent  geological  age, 
^hich  may  be  divided  into  (1)  Marine,  Pliocene ;  (2)  Lacustrine, 
•Pleistocene ;  and  (3)  Fluviatile,  Recent. 

The  marine  Pliooene  deposits,  discovered  near  Esna  by  Mr.  Barron 
and  the  author  in  1897,  consist  of  a  thick  series  of  limestones  and 
*interbedded  conglomerates.  In  the  limestones  numerous  foraminifera 
'were  found,  and  have  been  described  by  Mr.  F.  Chapman. 

The  lacustrine  series  consist  of  fresh- water  deposits  of  the  most 
variable  nature,  including  gravels,  conglomerates,  clays,  marls,  lime- 
stones, and  tufas.  They  have  been  mapped  and  examined  by  the 
author  throughout  a  large  length  of  the  Nile  Valley  from  Qena  to 
Cairo.  Calcareous  tufas,  crowded  with  the  most  beautiful  impressions 
of  leaves  and  twigs,  abound  in  places.  At  Isawia  the  limestones  of 
•the  series  are  of  considerable  commercial  importance,  supplying  the 
•material  for  the  construction  of  the  great  dam  at  Assiut  Finally, 
"the  fluviatile  deposits  include  the  Nile  mud  and  other  recent 
accumulations. 

In  conclusion,  the  author  shows  the  probable  date  of  the  formation 
of  the  Nile  Valley  gorge  to  be  Lower  Pliocene,  and  refers  it  to  the 
same  great  series  of  earth-movements  which  determined  and  formed 
the  main  physical  feature  of  North-East  Africa  and  part  of  Asia. 
After  the  deposition  of  the  Pliocene  beds  a  gradual  elevation  led  to 
the  final  retreat  of  the  sea,  the  valley  then  becoming  the  site  of 
a  series  of  fresh-water  lakes  in  which  were  deposited  large  quantities 
of  calcareous  tufa,  which  enclosed  the  numerous  leaves  carried  into 
i;he  lakes  from  the  surrounding  forests. 

Finally,  "in  later  Pleistocene  times  drainage  must  have  become 
well  established  down  the  Nile  Valley,  and  a  river,  the  youthful 
Father  Nile,  commenced  its  career  by  carving  out  a  channel  through 
the  valley  deposits,  before,  owing  to  changed  conditions,  it  finally 
took  to  depositing  layer  upon  layer  of  'Nile  mud,'  thus  forming  the 
strip  of  cultivable  and  inhabitable  country  without  which  the  Land 
of  Egypt,  as  we  know  it,  would  be  non-existent" 
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IL — British  Association  for  the  Advancement  of  Science. 
Bradford,  1900.  Joint  Discussion,  Sections  C  and  E.  On 
the  Conditions  under  which  the  Plants  of  the  Coa^ 
Period  grew. 

1.  Flora  of  the  Coal-measures.     By  E.  Kidston,  F.R.S.E.,  F.Q.S. 

LEAVING  out  of  consideration  a  few  genera  of  which  we  possess- 
I  little  or  no  definite  knowledge,  the  flora  of  the  Coal-measure& 
consists  of  Ferns,  Calamites,  Lycopods,  Sphenophyllead,  Cordaites, 
and  Conlferae. 

In  genera  and  species  the  Ferns  are  prohahly  more  numerous  than< 
the  whole  of  the  other  groups,  and  contain  representatives  of  the 
Eosporangiate  and  Leptosporangiate  memhers  of  the  class.  The 
Ensporangiate,  or  those  ferns  whose  sporangia  are  unprovided  with- 
an  annulus,  were  more  numerous  in  the  Carboniferous  period  than- 
at  present,  though  in  the  Coal-measures  they  do  not  appear  to  have 
been  more  numerous  than  the  genera  with  annulate  sporangia.  Tre&^ 
ferns,  though  not  very  common,  are  more  frequent  in  the  Upper 
than  in  the  Lower  Coal-measures,  in  the  lowest  beds  of  which  they 
seem  to  be  very  rare. 

The  Calamites  are  largely  represented  throughout  the  whole  of 
the  Coal-measures,  AsterophylUtes  {Calamocladtis)  and  Annularia* 
probably  being  their  foliage. 

Lycopods  are  also  very  numerous,  and  are  represented  by  many 
important  genera  —  LycopodiieSy  Zepidodendron,  Lepidophloios,. 
Boihrodendron,  and  Sigillaria,  with  their  rhizomes  Stigmaria  and 
8Ugmariop$ii.  These  genera  contributed  largely  to  the  formation- 
of  Coal. 

The  genus  SphenophyUum  was  also  frequent  during  Coal-measure 
times,  and  forms  a  type  of  vegetation  essentially  distinct  from  any 
existing  group. 

The  Gymnosperms  are  represented  by  Cordaites,  Coniferae,  and 
Cycads. 

The  Cordaites  had  tree-like  trunks  and  long  yucca-like  leaves. 
They  are  plentiful  in  the  Coal-measures,  and,  like  the  arborescent 
lycopods,  must  have  been  a  prominent  feature  in  a  Carboniferous 
forest  scene. 

The  Coniferae,  so  far  as  I  have  seen,  are  only  represented  by 
a  single  specimen  of  Walchia  from  the  Upper  Coal-measures;  and 
though  Cycads  have  been  discovered  in  the  Upper  Coal-measures  on 
the  Continent,  I  am  not  aware  of  any  British  species  which  can  be 
referred  with  certainty  to  this  group. 


2.  The  Origin  of  Coal.  By  A.  Strahan,  M.A.,  F.G.S. 
The  deposition  of  the  Coal-measures  was  due  to  the  subsidence  of 
large  portions  of  the  earth's  crust  to  a  depth  often  amounting  to 
several  thousand  feet.  The  subsidence,  being  unequal,  led  to  the 
formation  of  coal-basins,  parts  of  the  margins  of  which  are  still 
recognizable.  That  the  intervening  areas  rose  no  less  rapidly  than 
the  basins  sank  is  proved  by  the  vast  denudation  suffered  by  the 
earlier  Palseozoio  rocks  during  the  Carboniferous  period. 
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The  subsidence  was  ooanterbalanced  dating  Coal -measure  times 
by  sedimentation,  for  the  occurrence  of  marine  beds  among  deposits 
of  a  generally  estuarine  aspect  proves  that  the  surface  was  maintained 
at  or  near  sea-level.  The  Carboniferous  sediments  consist,  in  the 
majority  of  coalfields,  of  marine  limestones  in  the  lower  part,  of 
marine  grits  and  conglomerat'es  in  the  middle  part,  and  of  estuaro- 
marine  sandstones  and  shales  in  the  upper  part.  The  sequence  is 
due,  firstly,  to  the  admission  of  the  sea  to  the  subsiding  areas ;  and 
lastly,  to  the  restoration  of  level  brought  about  by  sedimentation  and 
denudation.  But  there  is  evidence  also  of  the  sedimentation  having 
been  more  or  less  spasmodic.  Thus  the  Limestone  Series  generally 
consists  of  repetitions  of  small  groups  of  strata,  each  group  being 
composed  of  sandstone,  followed  by  shale,  shale  followed  by  lime« 
stone.  Similarly  the  Coal-measures  present  repetitions  of  sandstone 
followed  by  shale,  shale  by  coal.  Limestone  in  the  one  case  and 
coal  in  the  other  are  therefore  comparable  in  this  respect,  that  each 
represents  an  episode  when  sedimentation  had  come  to  a  pause. 
Early  views  as  to  the  origin  of  coal,  namely,  that  it  was  formed  of 
vegetable  matter  drifted  beyond  the  region  to  which  the  finest 
mineral  sediment  could  reach,  were  in  accordance  with  these  facts. 

More  minute  examination  of  the  strata,  however,  revealed  proofs 
of  land-surfaces  in  the  Coal-measures,  and  it  was  generally  accepted 
that  the  coal-seams  represent  forests  in  the  place  of  their  growth. 
The  evidence  may  be  summarized  as  follows : — 

(1)  Bain-pittings,  sun-cracks,  and  footprints  prove  that  the  surfaces 
of  some  of  the  beds  were  exposed  to  the  air. 

(2)  Erect  tree-trunks  of  large  size,  in  some  cases  attached  to  large 
spreading  roots,  are  not  uncommon.  Land-shells,  millipedes,  and 
the  skeletons  of  air-breathiug  reptiles  have  occasionally  been  found 
within  the  hollow  trunks.* 

(3)  The  underclays  of  coal-seams  are  traversed  in  all  directions  by 
branching  rootlets,  unlike  the  drifted  fragments  in  the  bedding 
planes  of  the  other  strata.  They  were  described  as  an  invariable 
accompaniment  of  coals,  and  as  being  the  soils  in  which  the  coal- 
forest  was  rooted. 

(4)  Coal-seams,  with  thin  minute  partings,  persist  over  vast  areas, 
and  it  was  thought  impossible  that  so  wide  and  regular  a  distribution 
of  vegetable  matter  could  have  been  accomplished  by  drifting. 

(5)  The  chemical  composition  of  the  coals  was  believed  to  prove 
that  the  vegetable  matter  underwent  partial  decomposition  in  the 
open  air  before  being  submerged  or  buried. 

This  evidence,  however,  though  it  proves  the  existence  of  land 
surfaces,  is  not  conclusive  of  the  coal-seams  being  forests  in  place  of 
growth.  The  rain-pittings,  sun-cracks,  and  footprints  occur,  not  in 
the  coals,  but  in  the  intervening  strata.  Of  the  erect  tree-trunks 
a  large  proportion  occur  in  sandstones  devoid  of  coal,  a  few  only 
having  been  found  to  stand  upon  an  underclay,  or  to  be  associated 

1  C.  Brongniart  and  others  have  showa  that  air-breathing  insects  of  the  orders 
Neuroptera,  Orthoptera,  Thysanura,  and  Homoptera,  i^ere  very  nufnerous  in  the 
Coal-period  in  Europe  and  America. — Edit.  Gbol.  Mao. 
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inih  seams  of  ooaL  Vast  areas  of  ooal  have  been  worked  without 
«ny  such  trunks  having  been  encountered.  The  majority  of  the 
trunks,  moreover,  are  destitute  of  spreading  roots,  and  are  believed 
to  have  been  floated  to  their  present  positions.  The  land-shells, 
insect  and  reptilian  remains,  are  of  extremely  rare  occurrence. 

The  underclays  do  not  resemble  soils,  inasmuch  as  they  are 
perfectly  homogeneous,  and  lie  with  absolute  parallelism  to  the  other 
members  of  a  stratified  series.  They  are  not  always  present  beneath 
coal-seams,  but,  on  the  other  hand,  often  occur  in  them  or  above 
them.  Frequently  they  have  no  coal  associated  with  them.  The 
rootlets  in  them  have  no  connection  with  the  coal,  which  is  a  well- 
stratified  deposit  with  a  sharply  defined  base. 

The  persistence  of  the  partings  and  characters  of  the  coal  over 
wide  areas  is  in  favour  of  their  being  subaqueous  deposits,  for  on  so 
laige  an  expanse  of  land  there  must  have  been  river-systems  and 
variations  in  the  vegetation.  The  stream-beds,  known  to  miners  as 
^wash-oats,'  are  not  proportioned  in  size  to  the  supposed  land- 
surfaces. 

Snbaerial  decomposition  of  part  of  a  mass  of  vegetable  matter 
would  take  place  whether  it  were  floating  or  resting  on  dry  land. 
tSpores,  which  enter  largely  into  the  composition  of  many  coals, 
would  travel  long  distances  either  by  wind  or  water. 

Some  coal-seams  show  clear  proof  of  a  drifted  origin,  as,  for 
example,  those  which  are  made  up  of  a  mass  of  small  water- worn 
ohips  of  wood  or  bark.  Other  seams  pass  horizontally  into  bands 
of  ironstone,  and  one  case  has  been  observed  of  a  coal  changing 
gradnally  into  a  dolomitic  tufa,  doubtless  formed  in  a  stagnant 
lagoon.  Putting  aside  exceptional  cases,  the  sequence  of  events 
which  preceded  the  deposition  of  a  normal  coal-seam  seems  to  have 
be^i — ^firstly,  the  outspreading  of  sand  or  gravel  with  drifted  plant- 
remains,  followed  by  shale  as  the  currents  lost  velocity.  The  water 
was  extremely  shaUow,  and  even  retreated  at  times,  so  as  to  leave 
the  surface  open  to  the  air.  The  last  sediments  were  extremely 
flne,  homogeneous,  and  almost  wholly  siliceous,  and  in  them  a  mass 
of  presumably  aquatic  vegetation  rooted  itself.  This  further  im- 
pediment to  movement  in  the  water  cut  off  all  sediment,  and  the 
material  brought  into  the  area  then  consisted  only  of  wind-borne 
vegetable  dust  or  floating  vegetable  matter  carrying  an  occasional 
boulder.  Lastly,  the  formation  of  the  coal*seam  was  brought  to 
a  dose  by  a  sudden  invasion  of  the  area  by  moving  water.  The 
mass  of  vegetable  matter,  often  after  suffering  some  little  erosion, 
was  buried  by  sandstone  or  shale  rich  in  large  drifted  remains  of 
plants  or  trees,  and  the  whole  process  was  recommenced. 

S,  Botanical  Evidknob  bearing  on  the   Olimatio   and  other 

Phtsioal  Conditions  under  which  Coal  was  formed.     By 

A.  C.  Seward,  F.R.S. 

Botanical  investigations  into  the  nature  and  composition  of  the 

T^;etation  which  has  left  abundant  traces  in  the  sediments  of  the 

Coal-measures  may  be  expected  to  throw  some  light  on  the  natural 
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conditions  whiob  prevailed  during  that  period  in  the  earth's  history 
that  was  par  excellence  the  age  of  coal  production.  The  minute- 
examination  of  petrified  tissues  has  rendered  possible  a  restoration- 
of  the  internal  framework  of  several  extinct  types  of  plant-life,  and 
has  carried  us  a  step  further  towards  the  solution  of  evolutionary 
problems.  It  is  possible,  even  with  our  present  knowledge,  to- 
make  a  limited  use  of  anatomical  structure  as  an  index  of  life- 
conditions,  and  to  restore  in  some  degree  from  structural  records  the- 
physiological  and  physical  conditions  of  plant-life  characteristic  of 
the  close  of  the  Carboniferous  epoch. 

(1)  Evidence  furnished  hy  the  Coal-period  Floras  as  to  Climatie  and 

other  Physical  Conditions, 

The  uniformity  in  the  character  of  the  vegetation  has  no  doubt 
been  somewhat  exaggerated ;  e.g.,  the  Olossopteris  flora  of  Australia^ 
South  Africa,  and  South  America.  The  existence  of  botanical 
provinces  in  Upper  PalsBOzoic  times. 

A  comparison  of  the  Coal-period  vegetation  with  that  of  the 
present  day  as  regards  (i)  the  relative  abundance  of  certain  classes 
of  plants,  (ii)  the  geographical  distribution  of  certain  families  of 
plants  during  the  Carboniferous  epoch  and  at  the  present  day.  The 
importance  of  bearing  in  mind  the  progress  of  plant-evolution  as 
a  factor  affecting  the  consideration  of  such  comparisons.  The 
possible  existence  of  a  Palaeozoic  Mountain  flora  of  which  no 
records  have  been  preserved. 

(2)  The  Form,  Hahit,  and  Manner  of  Occurrence  of  Individual  Plants 

as  Indices  of  Conditions  of  Growth. 
Comparison  of  Calamites  and  horse-tails.  Fossil  forests  of 
Calamites.  Psaronius  stems  in  sitH  and  bearing  roots  at  different 
levels,  suggesting  growth  in  a  region  of  rapid  sedimentation. 
Vertical  stems  either  in  loco  natali  or  drifted.  Climbing  plants- 
possibly  represented  by  Sphenophyllum,  some  species  of  ferns  and 
Medullosete.     Function  of  the  so-called  ApUebia  leaves  of  ferns. 

(3)  Anatomical  Evidence, 

The  value  of  evidence  afforded  by  anatomical  features.  Bisks  of 
comparison  between  structural  character  of  extinct  and  recent  plants. 
Structure  considered  from  the  point  of  view  of  evolution,  as  the 
result  of  adaptation  to  external  conditions,  and  to  mechanical  and 
physiological  requirements. 

(a)  Spores  and  leaves,  —  Abundance  of  spores  provided  with 
filamentous  or  hooked  appendages ;  adaptation  of  spores  to  floating 
or  to  wind-dispersal.  The  leaf  structure  of  Calamites,  ferns,  etc. ; 
presence  of  stomata,  palissade  tissue,  and  water  -  glands  ;  the 
'  parichnos '  or  aerating  tissue  in  the  leaves  of  Lepidodendrese  and 
Sigillariesd. 

(/3)  Stems  and  roots, — Absence  of  annual  rings  of  growth.  The 
large  size  of  water-conducting  elements  connected  Mdth  rapid  transport 
(e.g.  Sphenophyllum)  or  with  storage  of  water  (e.g.  Megaloxylon). 
The  chambered  pith  of  Cordaites,  quoted  as  evidence  of  rapid 
elongation,  of  little  or  no  physiological  significance.     Abundance 
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of  seoretory  tissue.  Anatomical  charaoteristios  of  a  Lepidodendroid 
type  of  stem;  great  development  of  secondary  tissue  in  the  outer 
oortez,  little  or  no  true  oork,  lax  inner  cortex.  Lacunar  tissue  in 
the  roots  of  Calamites ;  hollow  appendages  of  SHgmaria.  Indications 
of  xerophy tic  characters  may  be  the  result  of  growth  in  salt  marshes. 

(4)  Evidence  as  to  the  Manner  of  Formation  of  CoaL 

(a)  The  structure  of  calcareous  nodules  found  in  coal-seams ;  the 
preservation  of  delicate  tissues,  the  occurrence  of  fungal  hyphsB,  and 
the  petrification  of  Stigmarian  appendages  as  evidence  in  favour 
of  the  subaqueous  accumulation  of  the  plant-d6bris  found  in  the 
calcareous  nodules. 

(b)  Ordinary  coal  microscopically  examined.  Spores,  fragments 
of  tissues,  bacteria,  and  the  ground  substance  of  coal  Goal  found  in 
the  cavities  of  cells  in  carbonized  tissues.  Suggested  non-vegetable 
origin  of  the  matrix  of  coal.  *  Boulders '  and  coal-balls  included  in 
coal-seams. 

{e)  Boghead,  Cannel  coaly  and  Oil-shales,  Becent  investigations 
of  Bertrand,  Benault,  and  others.  The  structure  and  mode  of  origin 
of  torbanite,  kerosene,  shale,  etc.  Suggested  origin  of  Boghead 
from  the  minute  bodies  of  algsB  (fleurs  d'eau),  spores,  etc.,  embedded 
in  a  brown  ulmio  substance  found  on  the  floor  of  a  lake.  Absence 
of  clastic  material.  Cannel  coal  characterized  by  abundance  of 
spores. 

(d)  Paper-coal  of  Bussia. — The  paper-coal  of  Culm  age  in  the 
Moscow  basin  consists  largely  of  the  cuticles  of  a  Lepidodendroid 
plant  Bacterial  action  as  an  agent  in  the  destruction  of  plants  and 
as  a  factor  in  the  production  of  coal. 


4.   By  J.  E.  Mabb,  F.R.S. 

(1)  What  is  coal  ? — A  non-scientific  term  introduced  into  scientific 
nomenclature  for  substances  of  divers  character,  and,  therefore, 
probably  of  different  modes  of  origin. 

(2)  Was  the  Carboniferous  period  one  where  conditions  suitable  to 
formation  of  coal  were  unusually  widespread  ? 

Coincidence  at  this  period  of  dominant  giant  cryptogams,  extensive 
plains  of  sedimentation,  and  suitable  climatic  conditions.  Such 
coincidence  never  occnrred  before  or  after  the  Carboniferous  period. 

(3)  What  work  shovid  be  done  in  order  to  advance  our  knowledge 
of  origin  of  coal? 

In  the  past  light  has  been  thrown  on  coal-formation  by  chemical, 
petrological,  paladontological,  and  stratigraphical  studies,  and  these 
should  be  continued. 

(a)  Chemical. — Importance  of  study  of  chemical  composition  of 
fireHslays  and  other  accompaniments  of  coal  in  addition  to  coal  itself. 

(6)  Petrological. — Dr.  Sorby's  work  on  origin  of  grains  of 
mechanically  formed  rocks  (sandstones,  etc.)  should  be  continued. 

(«)  Palaontologieal. — Studies  of  faunas  and  floras  throwing  light 
on  physical  and  also  on  climatic  conditions. 
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(d)  iS^rait^ropfttoaL— Maoh  detailed  work  is  required  in  many 
parte  of  the  world  to  disooyer  over  what  periods  ooal-formation 
ocourred  in  exceptional  aniount.  Tendency  at  outset  to  refer  all 
Upper  Palaeozoic  coal-formations  to  the  Coal-measures. 


IIL — On   TriB  Construction  and  Uses  of  Stbikb-Maps.'     By 
J.  LoMAs,  A.R.C.S.,  F.G.S. 

IN  studying  the  deformations  which  a  series  of  rocks  have  undergone, 
we  are  apt  to  regard  the  vertical  movemente  as  all-important, 
and  neglect  the  horizontal  movements  to  which  they  have  been 
subjected.  This  is  largely  owing  to  the  difficulties  experienced 
in  picturing  such  horizontal  movements  and  representing  them 
on  a  plan.  Lines  dependent  on  surface  inequalities  confuse  the 
worker  when  he  seeks  to  use  the  ordinary  geological  maps  for  this 
purpose.  It  is  easy  to  get  rid  of  these  lines  by  projecting  the 
strikes  of  the  beds  on  to  a  horizontal  plane.  We  then  have  the 
appearance  that  would  be  produced  if  the  country  were  planed  down 
to  a  horizontal  surface.  The  outcrops  would  coincide  with  the 
strikes,  and  any  deviation  from  straight  lines  would  indicate 
horizontal  movements.  Vertical  movements  would  also  be  shown 
on  such  a  plan  by  the  closing  up  of  outcrops  of  beds  of  equal 
thickness.  All  the  data  necessary  to  represent  these  features 
on  a  strike-map  are  given  in  the  ordinary  Geological  Survey 
sheete.  To  construct  such  a  map,  first  trace  the  dips  given 
on  the  geological  map  and  draw  short  lines  at  the  pointe  of  the 
arrows,  at  right  angles  to  the  direction  of  dip.  We  thus  have 
represented  the  strikes  of  the  beds  at  a  number  of  pointe.  Now 
it  is  necessary  to  connect  these  up  by  lines  to  show  the  strike  at 
intermediate  places.  It  would  not  be  safe  to  connect  one  line  with 
another,  as  the  strikes  may  refer  to  different  beds.  In  order  to 
overcome  this  difficulty,  draw  a  series  of  lines  parallel  to  the  strike 
line  on  both  sides  of  it.  On  doing  this  for  all  the  positions  it  will 
be  found  that  the  lines  either  connect  themselves  in  linear  series, 
or  we  have  represented  a  series  of  tengente  to  curves  which  become 
evident  when  the  lines  are  prolonged  in  the  direction  of  the  strike. 
Care  should  be  teken  not  to  connect  in  the  same  line  strikes  with 
dips  in  contrary  directions,  and  it  is  well  to  represent  the  dip  side  of 

the  strike  lines  by  a  short  mark  i .      When  the  amount  of 

dip  is  known,  as  well  as  the  direction,  we  can  represent  the 
steepness  of  the  folds  by  suitable  shading,  either  by  hachures  or 
closeness  of  strike  lines.  As  an  illustration  I  exhibit  strike  maps 
of  the  district  about  Clitheroe,  including  the  well-known  knolls 
at  Worsa  and  Gema.  The  anticlinal  ridge  just  north  of  Chatbum 
is  clearly  shown,  and  the  strate  dipping  with  wavy  folds  towards 
the  Kibble  on  the  north  and  Clitheroe  on  the  south.  The  Salt  Hill 
quarries  are  excavated  in  this  southern  slope  at  a  place  where  the 
fold  becomes  acute.  The  knolls  at  Worsa  and  Gema  appear  like 
whirls  or  eddies,  such  as  may  be  seen  in  a  stream  when  the  flow  is 
obstructed  by  boulders  in  the  stream  bed. 

1  Bead  before  the  British  Association,  Section  C  (Geology),  Bradford,  Sept.,  1900. 
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IV. — ^Th«  Conorbtionaby   Types   in   the   Cbllulab   MAaNESiAN 
LiifESTOKB  OP  DuBHAM.^    By  Q.  Abbott,  M.R.G.S. 

ASSOCIATED  with  the  Cannon-ball  bed  near  Sunderland  is 
a  oellalar  limestone  which  is  much  more  extensive,  and  exhibits 
«till  more  remarkable  physical  features.  Although  described  by 
Professor  Sedgwick  more  than  sixty  years  ago  with  other  magnesian 
beds  in  the  North  of  England,  it  is  still  oomparatively  unknown.  He 
<liTided  the  concretions  in  these  strata  into  four  classes,  but  I  have 
been  unable  to  find  any  classified  collection  except  the  one  in  the 
Newcastle  Museum,  and  even  in  this  series  it  is  only  partially  done. 

My  own  studies  at  Fulwell  and  Hendon  lead  me  to  suggest  a  new 
•classification,  with  five  primary  forms,  viz. :  (1)  rods,  (2)  bands, 
(3)  rings,  (4)  balls  and  modified  spheres,  (5)  eggs.  Combinations  of 
these  forms  constitute  the  major  part  of  these  massive  beds,  and 
frequently  a  bed  of  less  than  a  foot  thick  shows  examples  of  several 
different  combinations.  These  I  place  in  ten  classes,  though  they  may 
have  to  be  added  to.  The  chief  types  are  (1)  tubes,  (2)  *  cauliflowers,' 
(3)  basaltiform,  (4)  irregular,  (5  and  6)  troughs  and  bands  (two 
kinds),  (7)  *  floral,'  (8  and  9)  *  honeycomb '  or  coralloid  (two  kinds), 
(10)  pseudo-organic. 

I  exhibit  photographs  on  the  screen  showing  both  the  primary 
forms  and  the  combinations  as  seen  (wherever  possible)  in  the 
cmdistnrbed  rock  sections. 

My  own  conclusions  are  as  follows : — 

1.  That  the  rod  structure  is  secondary  to  the  formation  of  the 
•conspicuous  bands  which  run  across  the  beds  at  various  angles. 
(These  bands  need  to  be  distinguished  from  the  bands  mentioned 
among  the  '  primary  forms.')  The  conspicuous  bands  act  as  planes 
of  origin  for  the  '  rods,'  and  do  not  cross  through  the  long  axes  of 
the  rods  themselves.  They  appear  never  to  cross  the  bedding 
planes,  though  occasionally  they  follow  them  and  also  the  outline 
of  the  joints.  The  question  therefore  arises,  whether  this  does  not 
give  us  a  clue  to  the  age  and  sequence  of  the  changes  which  have 
oocarred  in  these  beds,  and  whether  the  previous  existence  of  joints 
does  not  mean  that  the  beds  were  alreetdy  above  the  sea-level  when 
the  changes  commenced. 

2.  The  rods  invariably  start  from  the  last-mentioned  bands,  and 
fitiay  be  seen  at  every  possible  angle.  As  they  have  grown  upwards 
and  obliquely  as  well  as  downwards  the  term  *  stalactitic '  is  a  very 
misleading  one  to  use.  As  Mr.  Garwood  stated  long  ago,  these  beds 
-"  present  many  points  which  appear  irreconcilable  with  the  theory  of 
their  stalactitic  origin." 

3.  The  first  step  in  the  series  of  changes  which  have  taken 
place  was  probably  an  orderly  but  unsymmetrical  arrangement  of 
amorphous  molecules  of  calcium  carbonate  which  separated  them- 
selves from  those  of  the  carbonate  of  magnesia. 

4.  The  internal  architecture  is  due  to  such  arrangement  of 
amorphoas  particles  of  lime  which  has  since  been  coated  with  an 
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outer  crystalliQe  layer.  In  some  oases,  however,  the  entire  mas^ 
has  undergone  a  eomplete  subsequent  change  into  a  crystalline- 
struoture. 

5.  Pearl-spar  (crystals  of  the  combined  carbonates)  is  seldom  met 
with.     I  failed  to  find  any. 

6.  In  the  Fulwell  beds  there  are  very  few  fossils,  and  where  met 
with,  as  at  Marsden,  concretionary  action  is  seldom  traceable  near  them. 

7.  The  specimens  at  Fulwell  which  arouse  the  most  interest 
are  coralloid  masses  ('honeycomb'  of  the  quarrymen).  They  aro 
confined,  so  far  as  I  could  discover,  to  a  stratum,  about  1^  foot  thick, 
above  the  marl  bed,  and  lie  in  close  juxtaposition  to  each  other, 
which  accounts  for  their  peculiar  external  shape. 

In  conclusion  I  would  point  out  the  close  resemblance  which  exists- 
between  the  'lines'  and  'planes'  in  these  concretionary  beds,  and 
the  '  lines '  which  shoot  across  congealing  water.  In  some  respects- 
the  architecture  of  the  magnesian  beds  compares  with  the  ice- 
decorations  seen  on  our  window-panes  in  frosty  weather. 

V.  —  The    Jubassio    Flora    of    East    Yorkshibe.^      By   A.   C.^ 
Seward,  F.R.S. 

THE  plant-beds  exposed  in  the  cliff  sections  of  the  Yorkshire- 
coast  have  afforded  unusually  rich  data  towards  a  restoration- 
of  the  characteristics  and  composition  of  a  certain  facies  of  Mesozoie 
vegetation.  Rich  collections  of  plants  from  Gristhorpe  Bay  and 
other  well-known  localities  are  found  in  the  British  Museum  (Natural 
History),  also  in  the  Museums  of  Scarborough,  Whitby,  Cambridge, 
Oxford,  Manchester,  York,  Newcastle,  Leeds,  and  elsewhere.  The- 
Natural  History  Museum,  Paris,  contains  several  important  York- 
shire plants,  some  of  which  have  been  described  by  Brongniart  and 
Saporta.  The  following  species  have  been  recognized  from  the  East 
Yorkshire  area : — 

Marchantites  erectus  (Leek.,  ex  Bean  MS.) ;  Equisetites  columaans^ 
Brongn. ;  Eqmsetiies  Beani  (Bunb.)  ;  Lycopoditea  falcatus,  L.  &  H.  * 
Cladophlehia  denticulata  (Brongn.)  ;  C.  haibumensis  (L.  6:  H.) ;  0.  lobi' 
folia  (Phill.) ;  Coniopteris  arguta  (L.  &  H.) ;  (7.  hymenophylloidea 
(Brongn.) ;  (7.  quinqueloba  (Phill.) ;  Dictyophyllum  rugosum,  L.  &  H. ; 
Klukia  exilis  (Phill.) ;  Zaccopteris  polypodioides  (Brongn.) ;  L,  Wood- 
wardi  (Leek.) ;  Matonidium  Ooepperti  (Ett.) ;  Pachypteris  lanceolata, 
Brongn.  ;  Buffordia  Ooepperti  (Dunk.)  ;  Sagenopteria  PhiUipai- 
(Brongn.)  ;  Sphenopteria  Murrayana  (Brongn.)  ;  8.  Williamaoni, 
Brongn. ;  Tcbniopteria  major,  L.  &  H. ;  T.  vitiata,  Brongn. ;  Toditea- 
Williamaoni  (Brongn.) ;  Anomozamitea  Nilaaoni  (Phill.) ;  Araucarite» 
Phillipait  Carr;  Baiera  gr acilia,  Bunh. ;  B.  Lindleyana  (Sohimp.)  ; 
B.  Phillipaif  Nath. ;  Beania  graeilia,  Carr ;  Brachyphyllum  mammillare^ 
Brongn.  ;  Cheirolepia  aetoaua  (Phill.)  ;  Cryptomeritea  divaricatus, 
Bunb. ;  Ctenia  falcata,  L.  &  H. ;  Czehanowakia  Murrayana  (L.  &  H.)  ; 
Diooniiea  Nathorati,  sp.  nov. ;  Ginkgo  digitata  (Brongn.) ;  0.  whithi- 
enaia,  Nath. ;  Nageiopaia  anglica,  sp.  nov. ;  Nilaaonia  compta  (Phill.)  ;. 
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X  mediana  (Leok.,  ex  Bean  MS.) ;  N.  tenuinervi$,  Nath. ;  Oiozamiie$ 
<icuminatu$  (L.  &  H.) ;  0.  Beani  (L.  &  H.) ;  0.  Bunburyanus,  Zign. ; 
0.  i^eta^iiuifi/eli,  Zign. ;  0.  graphicua  (Leek.,  ex  Bean  MS.) ;  O.  o6<tMti« 
(L.  &  H.),  var.  ooUtieuB ;  0.  paralldus  (Phill.) ;  Pagi^hyUum  WiUiam- 
^om  (Brongn.)  ;  Podozamites  laneeolatus  (L.  &  M.) ;  Piilozamitea 
(Leek.,  ex  Bean  MS.) ;  Taxites  zamioides  (Leek.)  ;  Williamsonia 
^ga$  (L.  &  H.) ;  W.  pecten  (Phill.) 

The  English  flora  is  compared  by  the  author  with  Bhcetic,  Jurassic* 
and  Wealden  floras  of  other  regions ;  a  comparison  is  made  also 
between  the  fossil  flora  and  the  vegetation  of  the  present  day. 

VL— On  the  Fish  Fauna  of  the  Yobkshirb  Coalfields.*    By 
Edgar  D.  Wbllbuen,  F.G.S. 

ONLY  the  Lower  and  Middle  Coal-measures  are  present.  The 
author  described  the  Lower  Measures,  their  extent  and  general 
-characters,  with  their  beds  of  marine  and  fresh-water  origin.  ^  The 
Middle  Measures  and  their  general  character ;  formed  in  a  series  of 
fresh-water  lake  basins.  The  author  described  the  fish-remains, 
where  found  and  in  what  state  of  preservation.  Elasmobranchs, 
Teleosteans  (and  in  some  cases  Dipnoans),  commingled,  i.e.  marine 
and  fresh- water  types  in  the  same  beds ;  Elasmobranchs  found  in 
marine  and  fresh-water  beds ;  Dipnoi  only  found  under  fresh- water 
-conditions.  Teleostean  orders,  Crossopterygii  and  Actinopterygii 
found  in  both  fresh- water  and  marine  beds.  The  conditions  under 
which  coal  was  deposited  was  shown  to  have  a  bearing  on  the 
oocarrenoe  and  habits  of  the  fishes.  The  swim-bladder  of  Coela- 
canths,  and  its  peculiar  use  to  them  under  certain  conditions.  The 
Elasmobranchii  were  represented  by  eleven  genera  and  twenty-three 
species ;  Ichthyodorulites  by  seven  genera  and  eight  species ;  Dipnoi 
hy  two  genera  and  two  species;  and  the  Teleostomi  by  twelve 
genera  and  thirty-three  species.  A  tabular  list  of  fish-remains  was 
given  showing  their  stratigraphical  distribution ;  several  new  fish- 
bearing  coal  shales  were  recorded,  the  distribution  and  vertical 
range  of  the  Yorkshire  coal-fishes  being  thus  greatly  extended; 
several  genera  and  species  new  to  Yorkshire,  and  others  new  to 
^ienoe,  were  referred  to  by  the  author. 

E.  E  -V  I  E  -W^  S. 


L— Catalogue  of  the  Batehan  Collection  of  Antiquities  in 

THE  Sheffield  Public  Museum.     Prepared  by  E.  Howabth, 

F.B.A.S.,  F.Z.S.,  Curator  of  the  Public  Museum  and  Mappin  Art 

Gkdlery.     8vo ;  pp.  xxiv  and  254,  with  262  illustrations  in  the 

text     Published  by  order  of  the  Committee.     (London  :  Dulau 

&  Co.,  1899.     Price  8«.  6d.) 

fllHE   very  valuable  and  interesting  collection  which   forms  the 

X.     subject  of  this  excellent  Catalogue  is  not  only  entirely  British, 

but  is  confined  to  Derbyshire,  Staffordshire,  and  Yorkshire,  and  is 

the  work  of  three  generations  of  Batemans  of  Middleton   Hall, 
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Derbyshire,  from  1759  to  1847,  assisted  by  Mr.  Samuel  Carringtoa 
in  Stafifordsbire,  Mr.  James  Buddock  in  the  North  Biding  of  York- 
diire,  Mr.  Stephen  Olover  in  Derbyshire,  and  Mr.  Samuel  Mitchell 
of  Sheffield,  an  antiquary  of  wide  erudition. 

Following  the  Collection,  the  Catalogue  is  arranged  as  under,  viz.  t 

Cbltio  Pkbiod  :  Stone  and  bronze  weapons  and  utensils,  Nos.  1-526, 
pp.  1-89  ;  urns  and  other  pottery,  Nos.  757-896,  pp.  91-156 ; 
miscellaneous  objects,  crania,  querns,  Nos.  897-985,  pp.  157- 
174 ;  tools,  personal  ornaments,  Nos.  527-598,  pp.  175-190. 

Bomano-Bbitish  Period  :  Nos.  599-687  and  986-1117,  pp.  191-218. 

Ahglo-Saxon  Peeiod  :  Nos.  688-756,  pp.  219-231. 

MisoBLLANBOus  Objbots  I  Nos.  1118-1288,  pp.  232-254. 

In  his  excellent  Introduction  Mr.  Howai-th  observes  that :  '^Beoords- 
of  the  dead  are  almost  the  only  means  whereby  any  reliable  account 
can  be  constructed  of  the  life  and  customs  of  the  earliest  inhabitants 
of  Britain,  with  whom  writing  was  unknown ;  pictorial  art,  if  not 
quite  beyond  their  skill,  was  of  the  simplest  kind,  and  their 
dwellings  were  of  such  a  temporary  and  unsubstantial  character  that 
all  traces  of  them  vanished  before  the  historical  period.  The  care 
of  the  dead  forms  their  most  lasting  memorials,  and  it  is  these- 
aepultural  mounds  that  furnish  the  principal  information  respecting 
the  early  Britons.  Derbyshire  has  contained  many  conspicuous 
examples  of  ancient  barrows,  tumuli,  or  grave-mounds,  and, 
£Drtunately,  amongst  the  Bateman  family  there  were  men  of  leisui-e,. 
means,  and  knowledge,  with  the  taste  for  exploring  these  sepulchral 
storehouses  and  carefully  preserving  them  ;  and  it  was  chiefly  owing 
to  the  labours  of  Mr.  Thomas  Bateman  that  the  collection  whicb 
bore  his  family  name  was  formed."     (p.  v.) 

''  Under  the  Celtic  Period  are  grouped  all  those  objects  found  iiv 
the  burial-places,  or  in  any  way  associated  with  the  ancient  Britons, 
whether  belonging  to  the  round-headed  or  long-headed  races,  two^ 
distinct  types  which  may  have  sprung  from  two  different  groups 
afterwards  associated  together.  Authorities  agree  in  regarding  the- 
earliest  race  inhabiting  these  islands  as  Celts,  and  as  the  exact 
indications  of  time  are  few  there  is  the  freer  scope  for  the  imagina- 
tion. Let  us  take  it,  then,  that  1600  years  before  Christ,  Britain- 
was  inhabited  by  a  Celtic  race  of  long-headed  men  of  low  mental 
development  and  small  stature.  The  Phoenicians  traded  with  Britain 
for  tin,  lead,  and  skins,  600  years  before  Christ ;  and  about  500  b.c. 
Hecatus,  a  Qreek  writer,  describes  Britain  as  an  island  opposite  the 
coast  of  Qaul  about  as  large  as  Sicily. 

"  In  or  about  the  year  350  b.c.  the  BelgSB,  a  tribe  descended  from 
the  Scythians,  invaded  the  island.  They  were  men  of  larger  staturo 
than  the  Celts,  their  heads  were  round  rather  than  long,  and  they 
were  inured  to  the  dangers  and  hardships  of  war.  The  Belgse- 
conquered  and  occupied  the  southern  and  south-western  counties, 
driving  the  Celts  to  the  north  and  north-west  When  the  Bomans 
invaded  the  island,  first  in  55  b.c.  under  Julius  Caesar,  and  about 
a  century  later  in  the  reign  of  Claudius,  the  Belgae  were  the  tribes 
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first  encoontered.  The  skollB  found  in  the  harrdws  mainly  belong 
to  the  round-headed  type,  some  of  them  being  mesaticephalous, 
representing  the  characters  of  the  two  types.''     (p.  vi.) 

It  is  interesting  to  notice  the  ^'yery  great  care  and  trouble 
expended  over  the  construction  of  many  of  the  grave-mounds, 
{HTobably  those  in  which  were  deposited  chiefs  of  tribes  or  important 
individuals  of  the  community,  for  it  is  impossible  that  these  huge 
moonds,  which  sometimes  contain  only  a  single  interment,  and 
never  very  many,  could  have  been  constructed  for  all  the  people 
who  died.  It  is  these  barrows  or  tumuli  which  furnish  the  evidence 
of  the  customs,  habits,  and  rites  of  these  ancient  people. 

''The  chief  characteristic  of  a  Celtic  place  of  burial  is  a  large 
mound,  sometimes  circular,  in  other  cases  oval,  and  more  rarely 
k>ng-«haped,  the  latter  being  regarded  as  the  most  ancient  These 
mounds  differ  considerably  in  dimensions,  from  20  to  200  feet  in 
diameter  and  from  1  to  24  feet  in  height  They  were  usually 
placed  in  a  conspicuous  position  on  or  near  the  summit  of  some 
natural  elevation  of  the  land.  The  mounds  of  earth  and  stone  are 
called  barrows,  and  are  formed  of  materials  from  the  immediate 
neighbourhood  of  the  situation  in  which  they  were  placed.  In 
some  cases  a  mound  of  stones  or  a  cairn  was  erected  over  the 
dead.'*     (p.  vii.) 

Bmrial  by  Cremation, — "Where  the  bodies  were  cremated  the 
ashes  were  afterwards  carefully  collected  together,  tied  up  in  some 
fabric,  luid  placed  on  the  ground ;  or  they  were  covered  by  or  put 
into  an  urn,  and  frequently  placed  in  a  cist  or  in  a  cavity  hewn  in 
the  rock." 

Ordinary  Interment, — "Inhumation  was  the  more  common  mode 
of  burial,  Uie  body  probably  being  wrapped  in  some  skin  or  garment, 
for  although  these  have  long  since  perished,  pins,  buttons,  and  other 
articles  found  in  barrows  indicate  that  they  were  used  as  fastenings 
for  sepulchral  clothing  of  some  kind.  Some  barrows  contain  burnt 
and  unbnmt  bones,  one  body  having  been  interred  in  the  position  in 
which  it  died,  while  the  others  were  burnt ;  and  it  may  be  inferred 
from  these  occurrences  that  the  sacrifice  of  human  life  at  the  death 
of  a  chief  was  practised  amongst  the  ancient  Britons,  as  is  the  custom 
in  recent  times  with  many  uncivilized  races.  The  wife,  children,  or 
slaves  may  thus  have  becm  immolated  to  keep  the  head  of  the  family 
company  in  a  future  world."     (p.  viii.) 

(kjeds  found  in  Celtic  TumvUi and  Barrows, — ''The  contents  of  the 
graves  lead  strongly  to  the  supposition  that  belief  in  a  future  state 
was  held  by  these  primitive  people,  provision  evidently  being  made 
for  them  to  carry  on  their  work  and  amusements.  Besides  the 
dnerary  urns,  which  were  obviously  intended  to  contain  the  cremated 
bones,  other  vessels  of  three  distinct  types  have  been  found  with 
interments,  both  of  burnt  and  uuburnt  bodies.  These  are  generally 
known  as  food-vessels,  drinking-cups,  and  incense-cups,  tiiough  it 
must  not  be  inferred  that  they  were  strictly  used  for  the  purposes 
implied  in  those  names."     (p.  viii.) 

"Implements  and  weapons,   both    in    stone    and    bronze,    are 
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freqaently  found  in  barrows,  as  also  personal  ornaments  in  the 
shape  of  necklaoes,  glass  beads,  buttons,  bronze  and  bone  pins. 
Numerous  examples  of  these  finds  are  recorded,  amongst  them  being 
some  pieces  of  red  oohre,  the  rouge  of  that  period,  used  for  deoorating 
the  body.  Although  the  use  of  iron  was  then  unknown,  pieoes  of 
rubbed  and  polished  iron-ore  have  been  found  in  barrows,  as  if  they 
held  some  special  significance  as  charms. 

'*  Stone  and  bronze  weapons  are  sometimes  found  in  the  same 
grave,  the  two  materials  evidently  beiug  used  at  the  same  period, 
probably  this  marking  the  time  when  bronze  first  came  into  use 
and  before  it  had  been  generally  adopted.  A  leaf-shaped  dagger  is 
the  principal  bronze  weapon  found  in  a  grave,  bronze  implements 
being  much  less  numerous  than  those  of  stone.  The  pins  in  bronze 
and  bone  and  the  buttons  in  Eimmeridge  Coal  show  that  some 
form  of  dress  was  worn  which  these  were  intended  to  fasten."  (p.  ix.) 

Mr.  Howarth  draws  the  following  conclusions :--"  It  would  appear 
from  the  teachings  of  the  tombs  of  the  ancient  Britons  that  they 
were  in  a  semi-savage  state,  without  any  fixed  religion,  with  the 
sagacity  to  make  tools,  vessels,  weapons,  and  implements  for  daily 
use.  That  the  use  of  stone  only  gradually  gave  place  to  the  use  of 
bronze  from  an  acquired  knowledge  of  the  properties  of  the  ores 
of  copper,  tin,  zinc,  and  lead.  While  no  special  differentiation 
of  purpose  is  shown  in  their  manufactures,  yet  they  indicated 
a  separation  of  certain  objects  for  distinct  uses.  Clothing  was  worn 
amongst  them,  consisting  of  skins  and  probably  manufactured  stuffs, 
such  as  jute  and  flax.  They  cultivated  the  soil  to  a  certain  extent, 
and  had  domestic  animals  for  labour  and  sustenance.  While 
believing  in  a  future  state,  their  ideas  of  religion  were  of  a  very 
vague  character,  and  they  still  practised  certain  barbarous  rites 
which  belong  only  to  savages.  The  period  which  is  covered  by  the 
history  of  Celtic  barrows  probably  extends  over  many  hundreds  of 
years,  and  they  show  the  advance  the  people  had  made  during  that 
time,  ranging  through  the  later  or  neolithic  stone-penod  to  the 
opening  of  the  age  of  bronze,  the  people  of  the  PalsBolithic  period 
being  much  more  ancient  than  the  architects  of  these  barrows,  and 
of  a  much  more  primitive  type."     (p.  xviii.) 

Space  does  not  permit  us  to  give  a  fuller  notice  of  this  very 
excelleut  and  well-illustrated  Catalogue  and  Guide  to  one  of  the 
most  valuable  collections  of  its  kind  to  be  seen  in  any  museum  in 
this  country.  We  venture  to  suggest  to  the  author  that  the  very 
beautiful  necklaces,  said  to  be  of  'Eimmeridge  Coal,'  figured  on 
p.  59  (J.  93,  431,  G.  79),  p.  61  (J.  98,  434,  G.  113),  and  p.  63 
(G.  158),  were  really  origiually  made  of  jet  from  Whitby,  which, 
owing  to  damp,  eta,  have  lost  their  pristine  lustre  and  become  decom- 
posed by  age  and  loug  interment  in  the  earth,  until  they  resemble 
Eimmeridge  Coal  or  'Brown-coal'  in  aspect  We  compliment 
Mr.  Howarth  upon  the  production  of  this  excellent  Catalogue  of  the 
Bateman  Collection,  and  the  Committee  of  the  Sheffield  Museum  in 
authorizing  the  publication  with  such  ample  illustrations.  The 
Collection  itself  is  well  worthy  of  a  pilgrimage  to  Sheffield,  nor  is  it 
the  only  one  to  be  seen  iu  this  admirable  Museum. 
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II.— The  Gkoloot  of  the  Country  between  Athebstone  and 
Gbabnwood  Forest.     By  C.  Fox-Strangwats,  F.G.S.     With 
Notes  on  Oharnwood  Forest  by  Professor  W.  W.  Watts, 
M.A.,  F.Q.S.      8vo ;   pp.  102.     (London  :    printed  for  H.M. 
Stationery  Office,  1900.    Price  2«.) 
f  fffllS  Memoir,  which  has  been  written  in  explanation  of  the  New 
1     Series   map,   Sheet   155,  contains   a  good   deal  of  detailed 
information  of  practical  value  respecting  the  northern  part  of  the 
Warwickshire  Ooalfield  and  the  southern  part  of  the  Leicestershire 
Ooalfield.    A  number  of  records  of  borings  and  sinkings  are  given. 
Professor  Watts  contributes  a  summary  of  the  interesting  observations 
which  he  made  while  mapping  in  detail  the  old  rocks  of  Chamwood 
Forest.     These  he  groups  in  the  '  Chamian  System,'  whose  position 
in  the  great  Pre*Cambrian  sequence  cannot  at  present  be  determined. 
Among  the  other  rocks  dealt  with  by  Mr.  Strang  ways  are  the 
£tookingford  Shales  (Cambrian),  the  Permian  and  Trias,  the  Glacial, 
and  more  recent  deposits.    With  the  aid  of  Mr.  Whitaker  he  con- 
tributes a  useful  geological  bibliography  of  Leicestershire. 


Oeolooioal  Sooibty  of  London. 

I.— November  7, 1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  President, 
in  the  Chair.    The  following  communications  were  read  : — 

1.  '^  Additional  Notes  on  the  Drifts  of  the  Baltic  Coast  of 
•Germany."  By  Professor  T.  G.  Bonney,  D.Sa,  LL.D.,  F.R.S.,  F.G.S., 
and  the  Bev.  E.  Hill,  M.A.,  F.G.S. 

The  authors,  prior  to  revisiting  Hiigen,  examined  sections  of  the 
Drift  to  the  west  of  Warnemiinde,  with  a  view  of  comparing  it  with 
that  of  the  Cromer  coast  Where  the  cliffs  reach  their  greatest 
•elevation,  two  or  three  miles  from  that  town,  they  are  composed  of 
a  stony  clay,  which  occasionally  becomes  sandy.  At  intervals, 
however,  sand  interbanded  with  clay  occurs,  filling  what  appear  to 
be  small  valleys  in  the  Drift  A  layer  of  grit  and  stones,  occasionally 
associated  with  a  boulder,  occurs  once  or  twioe  between  these  sands 
and  clays.  The  valleys  are  excavated  in  the  great  mass  of  stony 
clay  which  extends  for  four  or  five  miles  to  the  west  of  Warnemiinde; 
and  the  synclinal  slope  of  the  layers  and  the  contortion  of  the  under- 
lying bedded  sands  indicate  that  the  mass  filling  them  has  been  let 
down  as  a  whole,  either  by  solution  of  the  Chalk  beneath  the  Drift 
or  by  the  melting  of  underlying  ice.  Of  these  two  hypotheses  the 
authors  view  the  latter  with  the  more  favour,  but  it  also  has  its 
•difficulties. 

In  Biigen,  Arkona  was  visited ;  here  Chalk  occurs,  apparently  as 
^  sort  of  island  in  the  Drift  At  the  well-known  locality  by  the 
lighthouse  it  seems  to  overlie  a  drift,  but  on  closer  examination  the 
latter  appears  more  probably  to  have  filled  a  cavity  excavated  in  the 
Chalk,  this  apparent  inlier  of  Drift  probably  being  only  a  remnant 
of  a  much  larger  mass ;  therefore  it  is  likely  that  this  part  of  the 
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coast  nearly  oorresponda  with  a  pre-Glacial  cbalk-difif  against  whiok 
the  Drift  was  deposited. 

In  the  Jasmund  district  the  authors  lay  special  emphasis  on  three^ 
points: — (1)  The  'inliers'  of  Drift  appear  to  occupy  valleys 
excavated  in  the  Chalk ;  (2)  these  valleys  can  be  traced  for  some^ 
distance  inland;  (3)  the  steep  walls  of  Chalk  towards  which  the^ 
Drift  dips  sharply,  and  against  which  it  ends  abruptly  (usually  on 
the  southern  side),  often  trend  gradually  inland,  as  if  the  present 
coastline  had  passed  obliquely  across  an  old  valley.  In  one  or 
two  instances  the  Drift  is  slightly  twisted  up  against  this  steep 
face  of  Chalk.  The  authors  call  attention  to  cases  where  the  Drift 
clearly  rests  against  old  surfaces  and  cliffs  of  Chalk ;  and  to  one  in 
particular,  which  was  not  visible  in  1898,  where  (a)  clay,  (6)  sand» 
and  {c)  clay  occupy  a  shallow  valley,  and  have  assumed  a  synclinal 
form.  The  authors  give  reasons  to  show  that  neither  solution  of 
the  Chalk,  nor  ice-thrust,  nor  folding,  nor  even  faulting,  can 
satisfactorily  explain  the  peculiar  relations  of  the  Diift  and  Chalk: 
in  Riigen ;  and  they  can  find  no  better  explanation  than  that  offered 
in  their  previous  paper. 

2.  ''On  certain  Altered  Bocks  from  near  Bastogne  and  their 
Belations  to  others  in  the  District"  By  Catherine  A.  Baisin,  D.Sc. 
(Communicated  by  Professor  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.B.S., 
F.G.S.) 

Professor  Benard,  from  the  petrographical  study  of  specimens,, 
and  Professor  Gosselet,  after  description  of  the  district  and  its 
stratigraphy,  have  attributed  the  changes  in  these  rocks  to 
mechanical  disturbances.  Dumont  had  previously  described  many 
examples  and  inclined  to  the  view  of  contact-alteration,  which  was 
favoured  by  Von  Lasaulx's  discovery  of  a  granite  in  the  Hohe  Venn 
and  M.  Dnpont's  identification  of  chiastolite  from  Libramont. 

The  present  paper  treats  especially  of  the  garnetiferous  and 
homblendic  rocks,  giving  the  full  petrographical  and  field  details 
of  a  few  examples.  It  points  out  that  the  effects  of  pressure  are 
evident  over  the  whole  district,  while  mineral  modifications 
resembling  the  results  of  slight  contact-action  are  found  in  certain 
areas.  In  a  few  cases  these  modifications  are  more  marked,  and 
sometimes  increase  as  we  approach  veins  composed  of  quartz^ 
felspar,  and  mica,  such  as  might  be  connected  with  a  concealed 
granite. 

The  peculiar  garnetiferous  and  homblendic  rocks,  although 
occurring  within  the  zone  of  alteration,  are  extremely  limited, 
often  forming  patches  or  bands  a  few  feet  across.  They  differ,  a» 
described  in  the  paper,  from  ordinary  contact-altered  rocks.  The 
evidence,  in  the  authoress's  opinion,  is  in  favour  of  Prof.  Bonney's 
suggestion  that  they  are  due  to  some  form  of  hot-spring  action. 

IL— Nov.  21,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.B.S.,  President^ 
in  the  Chair.     The  following  communications  were  read  : — 
1.  "A  Monchiquite  from  Mount  Girnar,  Junagarh  (Kathiawar).'*" 
By  John  William  Evans,  D.Sc,  LL.B.,  F.G.S. 
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After  a  brief  aoconnt  of  the  rooks  of  the  monchiquite  type,  iiv 
which  ferromagneBian  silicates  ai*e  embedded  in  an  isotropic  matrix 
with  the  chemical  constitution  of  analcime,  the  author  describes  ai> 
example  from  Mount  Girnar,  where  it  is  associated  with  a  nepheline- 
syeuite  intrusive  in  a  mica-augite-diorite. 

The  most  striking  feature  of  this  rock  is  the  occurrence  of 
ooloorless  spheres  of  Tarious  sizes  up  to  about  1  mm.  in  diameter. 
The  rest  of  the  rook  is  mainly  composed  of  a  hornblende  of  the^ 
faarkevikite  type;  a  pale-green  augite  is  also  present.  Both  the 
^iwrical  spaces  and  the  interstices  between  the  ferromagnesian 
silicates  are  usually  filled  with  an  isotropic  material  which  has  the^ 
composition  and  most  of  the  physical  properties  of  analcime.  This^ 
material  does  not,  however,  show  the  anomalous  double-refraction 
which  is  characteristic  of  that  mineral,  nor  has  it  any  crystalline 
outlines,  being  simply  an  allotriomorphic  glass-like  groundmass.  It 
contains  a  large  number  of  acicular  inclusions,  most  of  which  do  not 
affect  polarized  light ;  they  exhibit  a  parallel  airangement  in  one  or 
more  directions,  and  appear  to  indicate  a  high  degree  of  symmetry. 
Cleavage  •  cracks  with  similar  orientation  may  be  occasionally 
observed.  As  it  is  clearly  a  crystalline  body,  its  isotropic  natnie^ 
refers  it  to  the  cubic  system,  and  its  identity  with  analcime  may 
be  considered  proved.  It  is  evident  that  this  mineral,  growing 
ootward  from  different  centres,  has  formed  the  spherical  spaces  by 
pushing  aside  the  previously  crystallized  minerals  until  they  came 
into  contact  one  with  the  other,  and  has  afterwards  crystallized  in 
the  interstices  between  them. 

The  presence  of  a  groundmass  of  analcime  (or  one  having  the 
same  composition)  in  all  the  members  of  the  widely  distributed 
monchiquite  group  of  rocks  implies  the  occurrence  in  different 
locaHtiee  of  a  residuary  magma  of  uniform  composition,  which 
remains  liquid  after  tiie  other  constituents  of  the  rock  have 
crystallized  out  Analcime  must,  therefore,  represent  an  euteotic 
compound.  If  the  cooling  were  sufficiently  rapid  the  magma 
would  consolidate  as  a  glass,  as  may  be  the  case  with  some 
monchiquites.  On  the  other  hand,  where  such  a  magma  has- 
separated  and  cooled  slowly  enough,  a  nepheline-syenite  will  bo 
formed. 

At  some  points  the  analcime  in  the  spheres  and  in  the  interstices- 
has  become  decomposed  into  alkali-felspars  and  nepheline,  as  in  the 
psendo-lenoites  of  Dr.  Hussak,  so  that  in  these  places  the  rook 
might  be  described  as  a  hornblende-tinguaite.  In  other  parts  mucli^ 
of  the  analcime  has  passed  into  cancrinite. 

The  presence  of  a  mineral  of  the  eudialyte-eucolite  group  is  also 
noticed. 

2.  "  The  Geology  of  Mynydd-y-Gam  (Anglesey)."  By  Charles  A. 
MaUey,  Esq.,  B.So.,  F.G.S. 

Mynydd-y-Gam,  a  hill  of  less  than  600  feet  elevation,  stands 
above  the  village  of  Llanfair-y'nghornwy  in  North-West  Anglesey. 
The  mass  of  the  hill  is  an  inlier  of  sericitic  and  chloritic  phyllites- 
(Gam   Phyllites),  surmounted  by  a  massive  conglomerate  (Gari» 
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-Conglomerate),  and  surrounded  by  black  slates  and  shales  of 
apparently  Upper  Llandeilo  age.  The  general  dip  of  all  the  rooks 
ds  northerly  and  north-easterly. 

The  Gam  Phyllites  are  usually  green  altered  shales  and  fine 
^itty  rocks,  and  are  intensely  contorted  near  their  southern 
boundary.  Even  where  not  contorted  they  show  under  the  micro- 
scope evidence  of  powerful  earth-movement.  They  are  considered 
by  the  author  to  be  part  of  the  ^Qreen  Series'  of  Northern 
Anglesey.  They  are  cut  off  to  the  west  and  south  by  a  curved 
fault,  probably  a  thrust,  which  brings  them  against  Llandeilo  slates 
and  breccias. 

The  Oarn  Conglomerate,  Grit,  and  Breccia,  a  formation  perhaps 
400  feet  thick,  rests  upon  the  Gam  Phyllites  and  contains  fragments 
derived  from  them,  as  well  as  pebbles  of  quartz,  grit,  gneissose  and 
igranitic  rocks,  etc.  It  passes  up  gradually  into  black  slates,  from 
which  a  few  tipper  Llandeilo  fossils  have  been  collected.  In  the 
(black  slates  an  oolitic  ironstone  or  ferruginous  mudstone  has  been 
found,  which  may  perhaps  be  on  the  same  horizon  as  the  similar 
t'ock  recorded  by  the  author  in  Northern  Anglesey. 

On  the  eastern  side  of  Mynydd-y-Gam  is  another  group  of  rocks, 
<the  Llanfair-y'nghomwy  Beds,  which  the  author  correlates  with 
the  basal  part  of  his  Llanbadrig  Series.  They  consist  of  phyllites 
resembling  those  below  the  Gam  Conglomerate,  but  they  contain 
also  beds  and  masses  of  quartzite,  grit,  and  limestone.  They  are 
much  broken,  and  partly  in  the  condition  of  cmsh-conglomerates. 
They  have  been  thrust  over  the  Llandeilo  black  slates,  and  the 
thrust-plane  has  been  traced  to  the  coast  at  Forth  yr  EboL  This 
thrust  is  continuous  with  that  which  forms  the  southern  boundary  of 
the  *  Green  Series '  of  Northern  Anglesey. 

The  district  around  Mynydd-y-Garn  has  been  affected  since 
Llandeilo  times  by  two  powerful  earth-movements,  acting  one  from 
the  north,  the  other  from  the  north-east.  The  first-mentioned 
prevailed  in  the  area  west  and  north-west  of  the  hill,  where  the 
pre-Llandeilo  rocks  are  frequently  shattered  to  crush-conglomerates. 
Around  Mynydd-y-Gam  itself  and  east  of  it  the  principal  direction 
-of  movement  has  been  from  the  north-east;  south  of  the  hill  the 
•structure  is  perhaps  the  result  of  the  interference  of  these  two 
•movements. 

3.  "On  some  Altered  Tufaceous  Hhyolitic  Hocks  from  Dufton 
Pike  (Westmorland)."  By  Frank  Rutley,  Esq.,  F.G.S.  With 
Analyses  by  Philip  Holland,  Esq.,  F.I.C.,  F.C.S. 

The  specimens  described  were  collected  by  the  late  Prof.  Green 
and  Mr.  G.  J.  Goodchild  from  the  Borrowdale  volcanic  series  which 
^constitutes  the  central  mass  of  Dufton  Pike,  and  the  chief  interest 
attaching  to  them  is  their  alteration,  probably  as  the  result  of 
solfataric  action.  One  of  the  rocks,  which  has  the  composition  of 
a  soda-rhyolite,  contains  felspar,  augite,  magnetite,  and  possibly 
spinel  or  garnet,  scapolite,  and  ilmenite.  The  porphyritic  crystals  of 
felspar  are  much  corroded,  and  are  sometimes  mere  spongy  masses  in 
"which  mica  and  opal-silica  have  been  developed,  together  with  small 
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quantities  of  carbonates.  In  a  second  example,  felspar  fragments- 
appear  as  a  meshwork  of  rods  which  extinguish  simultaneously,, 
and  are  embedded  in  an  isotropic  groundmass  crowded  with  globu- 
litea  and  little  rods.  A  faint  streakiness,  which  cannot  be  fluxion- 
structure,  passes  through  the  matrix  of  the  rock  and  the  meshwork 
of  the  felspar  fragments  without  deflection.  Analyses  of  the  rocks 
and  diagrams  constructed  from  their  molecular  ratios  correspond 
closely  ¥nth  those  of  soda-rhyolite  and  potash-rhyolite  respectively. 

in.— Dec.  5,  1900.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.B.S.,  President, 
in  the  Chair.    The  following  communications  were  read : — 

1.  "On  the  Corallian  Rocks  of  St.  Ives  (Hunts)  and  Elsworth.*"^ 
By  C.  B.  Wedd,  Esq.,  B.A.,  F.G.S.  (Communicated  by  permission 
of  the  Director*General  of  the  G^logical  Survey.) 

Starting  2^  miles  south-west  of  Elsworth,  the  author  traces  tbe^ 
Elsworth  Bock  at  intervals  through  Croxton,  Yelling,  Papworth 
Everardy  etc.,  to  Elsworth,  and  thence  towards  Fen  Drayton  and 
near  Swavesey.  The  Oxford  Clay  is  found  to  the  west  of  it,  and  the 
AmpthUl  Clay  to  the  east.  Frequent  fossil  lists  are  given,  and* 
the  character  of  the  rook  is  described  at  the  different  exposures. 
Again,  from  Haughton  Hall,  west  of  St.  Ives,  the  '  St.  Ives  Bock ' 
is  traced  through  that  town  and  towards  Holywell.  The  actual 
connection  with  the  Elsworth  Bock  cannot  be  seen  owing  to  an  area, 
of  fen.  But  that  the  two  rocks  are  identical  the  author  considers- 
is  proved  by  the  consistency  of  the  two  rocks,  the  absence  of  any 
other  rock-bed,  the  dip  of  the  strata,  and  the  presence  of  Ampthill 
Clay  above.  The  Corallian  strata  of  the  area  appear  to  have  been 
deposited  more  slowly  than  the  Oxfordian  strata.  Of  the  two 
zonal  ammonites  of  the  Corallian,  the  dominant  form  in  the  Elsworth 
Bock  and  in  the  stone-bands  of  the  Ampthill  Clay  is  of  the  pUcatilia 
and  not  the  perarmatm  type. 

2.  "  The  Unconformity  of  the  Upper  (red)  Coal-measures  to  the 
Middle  (grey)  Coal-measures  of  the  Shropshire  Coalfields,  and  its 
bearing  upon  the  Extension  of  the  latter  under  the  Triassic  Bocks.'^ 
By  William  James  Clarke,  Esq.  (Communicated  by  W.  Shone, 
Esq.,  F.G.S.) 

The  Upper  Bed  Measures  have  a  much  greater  extension  in  the 
Shropshire  Coalfields  than  the  productive  measures  below.  In  the 
Shrewsbury  field  they  are  the  only  Carboniferous  rocks  present,  and 
rest  on  pre-Carboniferous  rocks. 

^lien  the  sections  of  collieries  at  and  near  Madeley  are  plotted 
on  the  assumption  that  the  base  of  the  Upper  Carboniferous  rocks 
is  horizontal,  the  Lower  Measures  are  found  to  be  bent  into  a 
syndine  rising  sharply  to  the  north-north-west  and  more  gently  to 
the  south-south-east.  A  second  syndine,  broader  and  deeper, 
extends  from  Stirchly  towards  Hadley,  but  the  westerly  rise  is  often 
hidden  by  the  boundary-fault  of  the  coalfield.  This  phenomenon  is 
known  locally  as  the  '  Symon  Fault ' ;  and  instead  of  taking  Scott's 
view  that  it  represents  a  hollow  denuded  in  the  Lower  Coal-measures, 
the  author  considers  it  due  to  folding  before  late  Carboniferous  times. 


Digitized  by  VjOOQ IC 


•46  ObUuary — Mr.  C.  J,  A.  Mejfer. 

A  third  little  synoline  ooonrs  at  the  Inett  and  Caughley.  Similar 
phenomena  are  exhibited  in  the  Forest  of  Wyre  Coalfield,  where 
a  series  of  unproductive  measures  oome  in  between  the  Lower  and 
Upper  Goal-measures.  The  axis  of  the  folds  runs  east-north-east- 
ward, and  their  amplitude  and  length  diminish  in  proceeding  from 
north-west  to  south-east  Inter-Carboniferous  folds  also  occur  in 
'the  North  Wales  and  North  Staffordshire  fields. 

3.  '^Bajocian  and  Contiguous  Deposits  in  the  Northern  Oottes- 
wolds :  the  Main  Hill  Mass."     By  S.  S.  Buokman,  Esq.,  F.a.S. 

After  giving  comparative  sections  at  Cleeve,  Leckhampton  Hill, 
and  Birdlip,  to  show  the  disappearance  of  three  horizons  at  the 
second  locality  and  five  more  at  the  third,  the  author  interprets  the 
absence  of  the  beds  as  due  to  <  pene-contemporaneous  erosion,' 
brought  about  by  the  elevation  of  rocks,  due  to  small  earth- 
movements  along  a  main  south-west  to  north-east  axis  and  subsidiary 
axes  north-west  to  south-east.  In  the  Northern  Cotteswolds  the 
beds  which  come  in  at  Cleeve  disappear,  while  there  is  a  development 
of  the  Harford  Sands,  the  Tilestone,  and  the  Snowshill  Clay  above 
the  Lower  Trt^onta-Grit.  A  series  of  detailed  sections  along  the 
main  hill-mass  is  given.  On  tracing  the  rocks  from  west  to  east 
across  the  Northern  Cotteswolds,  the  whole  of  the  Inferior  Oolite 
disappears,  except  quite  the  upper  portion,  which  rests  directly  on 
Upper  Lias,  and  the  Upper  Lias  itself  undergoes  denudation; 
eastward  the  latter  thickens  again,  and  basal  beds  of  Inferior  Oolite 
reappear.  Thus  the  axis  of  an  important  anticline  is  along  the 
Vale  of  Moreton.  The  general  result  of  the  observations  does  not 
confirm  Professor  Hull's  view  that  these  members  of  the  Jurassic 
are  thinning  and  disappearing  eastward.  The  observed  phenomena 
were  really  brought  about  by  contemporaneous  erosions;  whereof 
the  principal  one  occurred  before  the  deposition  of  the  Upper 
Trigonia-Gni,  A  revised  map  of  Bajocian  denudation  is  given, 
and  it  is  shown  that,  owing  to  anticlinal  axes  along  the  Vales  of 
Bourton  and  Moreton,  pene-contemporaneous  erosion  must  have 
had  considerable  influence  in  determining  the  position  of  these 
valleys.  Such  erosion  is  likely  to  have  taken  place  along  similar 
lines  at  different  times,  and  therefore  may  be  connected  with  folds 
in  PalaBOzoio  rocks  and  may  have  a  bearing  on  the  thickness  of 
rocks  overlying  the  Coal-measures.  A  table  of  the  dates  of  the 
chief  erosions  in  Jurassic  times  is  appended  to  the  paper. 
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CHARLES    JOHN    ADRIAN    ME?ER. 
BoRK  May  23,  1832.  Died  July  16,  1900. 

Bt  the  death  of  Mr.  Charles  Meyer  we  have  lost  a  geologist  who 
lias  contributed  largely  to  our  knowledge  of  Cretaceous  rooks  and 
fossils.  He  belonged  to  a  family  in  whom  a  love  of  natural  history 
was  inherent,  and  from  the  time  of  his  leaving  school  until  his 
appointment  to  the  Civil  Service  he  greatly  assisted  in  the  pre- 
:paration  of  a  new  edition  of  H.  L.  Meyer's  ''  Illustrations  of  British 
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Birds.''  Always  a  carefhl  and  patient  observer,  he  acquired  a  close 
•acquaintance  with  the  habits  and  song-notes  of  British  birds,  and 
never  ceased  to  take  an  interest  in  them. 

In  July,  1857,  he  was  appointed  to  a  post  in  the  Accountant 
-General's  Ofi&ce  of  that  time,  in  a  division  which  was  subsequently 
transferred  to  the  Chancery  Courts  under  the  title  of  the  Supreme 
Court  Pay  Office.  At  that  time  his  family  lived  near  Gbdalming, 
and  his  attention  was  attracted  to  the  fossils  to  be  found  in  an  old 
<iuarry  in  the  Lower  Oreensand  near  the  house.  These  interested 
him  so  much  that  he  began  to  study  them  and  the  rocks  containing 
them,  and  this  laid  the  foundation  of  that  interest  in  geology  which 
bore  good  fruit  in  after  years.  From  that  time  he  always  devoted 
his  short  holidays  to  visiting  places  of  geological  interest,  chiefly 
along  the  south  coast,  and  almost  always  where  rocks  of  Cretaceous 
•age  were  to  be  seen. 

He  had  a  remarkably  keen  eye  for  fossils,  and  knew  the  value  of 
recording  the  exact  bed  from  which  they  came ;  hence  his  notebooks 
<x»ntain  carefully  measured  sections,  and  his  published  papers  show 
that  he  had  always  the  correlation  of  beds  in  different  places  before 
bis  mind. 

He  gradually  gathered  together  a  fine  collection  of  Cretaceous 
fossils,  comprising  many  thousand  specimens,  obtained  entirely  by 
his  own  hands.  It  comprises  fossils  from  the  Lower  Greensand, 
Gaolt,  '  Upper  Greensand,'  and  Blackdown  Beds,  from  the  Devon- 
shire Cenomanian,  and  from  the  several  stages  of  the  Chalk,  and  it 
contains  many  unique  specimens.  This  collection,  by  the  generosity 
of  his  sister,  Miss  C.  Meyer,  has  been  presented  to  the  University  of 
Cambridge,  together  with  a  smaller  but  fine  collection  of  London 
<^lay  fossils  collected  by  his  brother,  Mr.  Christian  H.  Meyer,  C.E., 
during  the  dockyard  extension  works  at  Portsmouth. 

The  first  paper  published  by  Mr.  C.  J.  A.  Meyer  was  a  note  on 
(he  age  of  the  Blackdown  Beds  in  1863,  and  from  that  time  to  1878 
he  contributed  frequently  to  the  pages  of  the  Geolooioal  Magazike 
and  of  the  Quarterly  Journal  of  the  Geological  Society.  A  list  of 
his  papers  is  given  below,  but  two  of  the  most  notable  may  be 
specially  mentioned. 

In  his  paper  *'  On  the  Eelations  of  the  Wealden  and  Punfield 
Formation"  he  took  a  view  which  was  opposed  to  that  held  by 
smother  well-known  geologist,  and  maintained  it  with  such  success 
that  it  is  now  generally  accepted  as  correct. 

His  paper  on  the  Cretaceous  Books  of  Beer  Head  is  really  a  very 
condensed  account  of  his  exploration  of  the  Devon  cliffs  from 
Sidmouth  to  Lyme  Begis.  He  visited  this  coast  again  and  again, 
<»lleoting  carefully  from  every  bed  in  the  succession;  and  as  he 
was  practically  the  first  to  explore  this  fine  collecting  ground,  he 
obtained  a  large  number  of  excellent  specimens,  especially  from 
those  beds  which  he  numbered  10,  11,  and  12,  and  which  lie  at  the 
base  of  the  Chalk.  He  continued  to  collect  from  these  cliffs  for 
many  years  after  the  publication  of  his  paper,  and  the  value  of  his 
researches  was  acknowledged  by  Messrs.  Jukes-Browne  and  W.  Hill 
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in  their  paper  on  the  ''Delimitation  of  the  Cenomanian"  (1896)^ 
iivhen  he  communicated  to  them  a  list  of  the  many  additional  fossils- 
he  had  obtained  from  these  beds,  with  notes  on  some  of  the  species. 

Specimens  from  his  collection  have  been  figured  by  Messrs* 
Davidson,  Lycett,  and  Woods  in  the  volumes  of  the  Talteonto- 
^aphical  Society,  and  no  doubt  others  will  appear  in  the  monograph- 
Mr.  Woods  has  undertaken. 

Mr.  Meyer  was  distinguished  for  his  quiet  and  courteous  manner, 
his  habit  of  patient  enquiry  and  of  accurate  observation,  and  by  hi» 
willingness  to  impart  any  information  that  he  possessed.  When  we- 
remember  that  his  life  was  really  spent  in  the  routine  of  office  work, 
and  that  all  his  scientific  work  was  done  in  his  evenings  and  in  his- 
short  holidays,  we  may  well  wonder  that  he  did  so  much,  and 
regret  that  he  was  not  able  to  give  more  time  to  a  pursuit  for  which 
he  was  so  well  qualified. 

We  are  indebted  to  Miss  C.  Meyer  for  some  of  the  information 
in  the  above  notice. 

LIST    OF    PAPERS. 

Meyer,  C.  J.  A. 

Ace  of  the  Blackdown  Greensand.     (Geologist,  vol.  vi,  1863,  pp.  50-56.) 

Three  Days  at  Farringdon.     Fositiou  of  Spouge-gravel.     (GecMogist,  vol.  vii,  1864,. 

pp.  5-11.) 
A  New  Species  of  Terebi'atell^j  from  the  Bargate  Stone  (T.  trifida).     (Geologist,. 

vol.  vii,  1864,  pp.  166-7.) 
Notes  on  Brachiopoda  horn  the  Febble-bed  of  the  Lower  Greensand  of  Surrey ;  with 

descriptions  of  the  new  species,   and  remarks  on  the  correlation  of  the 

Greensand  Beds  of  Kent,  Surrey,  and  Berks,  and  of  the  Farringdon  Sponge* 

gravel,  and  the  Tourtia  of  Belgium.  (Geol.  Mao.,  Vol. 1, 1864.  pp.  249-257.) 
On  the  Discovery  of  Ophiura  Wetherelli  at  Heme  Bay.     (Geol.  Mao.,  Vol.  II, 

1865,  p.  572.) 
Notes  on  the  Correlation  of  the  Cretaceous  Kocks  of  the  South-East  and  West  of 

England.     (Geol.  Mao.,  Vol.  Ill,  1866,  pp.  13-18,  PI.  II.) 
Notes  on  Cretaceous  Brachiopoda,  and  on  the  Development  of  the  lioop  and  Septum 

in  Terebratella,     (Geol.  Mao.,  Vol.  V,  1868,  pp.  268-272.) 
On  the  Lower  Greensand  of  Godalming.     (Geol.  Assoc. — separate  paper,  20  pp. 

Read  before  the  Association  4th  Dec,  1868.) 
Note  on  the  Passage  of  the  Red  Chalk  of  Speeton  into  an  imderl}'ing  Clay-bed. 

(Geol.  Mao.,  Vol.  VI,  1869,  pp.  13-14.) 
On  Lower  Tertiary  Depositn  recently  exposed  at  Portsmouth.     (Quart.  Joum.  Geol. 

Soc,  vol.  xxvii,  1871,  pp.  74-89  ;  Phil.  Mag.,  vol.  xH,  1871,  p.  546.) 
On  the  Wealden  as  a  Fluvio-lacustrine  Formation,  and  on  the  Relation  of  the 

so-called  *Punfield  Formation'  to  the  Wealden  and  Neocomian.     (Quart. 

Joum.  Geol.  Soc.,  vol.  xxviii,  1872,  pp.  243-255.) 
Further  Notes  on  the  Punfield  Section.     (Quart.  Joum.  Geol.  Soc,  vol.  xxix,  1873,. 

pp.  70-76.) 
On  the  Cretaceous  Rocks  of  Beer  Head  and  the  adjacent  Cliff-sections,  and  on  the 

relative  Horizons  therein  of  the  Warminster  and  Blackdown  FossiUferous 

Deposits.    (Quart.  Joum.  Geol.  Soc,  vol.  xxx,  1874,  pp.  369-398.) 
Micrasters  in  the  English  Chalk. — Two  or  more  species  ?    (Geol.  Mao.,  Dec.  11^. 

Vol.  V,  1878,  PI).  115-117.) 
Notes  respecting  Chloritic  Marl  and  Upper  Greensand.     (Geol.  Mao.,  Dec.  II,- 

Vol.  V,  1878,  pp.  547-551.) 
An  Excursion  to  Guildford.   (Report  in  Proc.  Geol.  Assoc,  vol.  t,  1878,  pp.  161, 163.) 

Meyer,  C.  J.  A.,  &  Jukes-Browne,  A.  J. 
Chloritic  Marl  and  Warminster  Greensand.    (Geol.  Mao.,  Dec.  IV,  Vol.  I,  1894,. 
pp.  494-495.) 
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L — Bbitish  Plbistogbnb  Fibhbs. 
By  E.  T.   Nbwton,   F.R.S.,  F.G.S.,  etc. 

rB  aearch  for  small  vertebrates  in  deposits  of  Pleistocene  age 
baSy  wiibin  the  last  few  years,  been  prosecuted  with  much  zeal 
by  several  workers,  and  has  brought  to  light  the  remains  of  many 
species  of  mammals,  as  well  as  birds,  reptiles,  and  amphibia;  the 
bones  in  some  instances  occurring  in  great  numbers.  The  remains  of 
fishes,  however,  have  but  rarely  been  found  with  the  bones  of  other 
vertebrata,  and  never  in  any  abundance.  Some  interesting  discoveries 
of  fish-remains  have  nevertheless  been  made;  but  the  records  of 
them  are  scattered  through  various  publications,  and  it  seems  very 
desirable  to  bring  all  this  information  together. 

It  is  sixty  years  since  Sir  C.  Lyell,'  in  a  paper  read  before  the 
Geological  Society  (January,  1840),  first  made  known  that  remains 
of  fresh-water  fishes  had  been  found,  by  himself  and  Mr.  J.  B. 
MTigham,  in  the  fresh- water  deposit  which  occurs  in  the  cliffs  at 
Uundesley,  Norfolk.  These  remains  had  been  examined  by  the 
Bev.  Leonard  Jennings  and  Mr.  Yarrel,  and  were  referred  by  them 
to  Perch,  Carp,  Pike,  and  Trout. 

In  the  following  year  ^January,  1841)  Sir  C.  Lyell  *  made 
a  further  communication  to  the  same  society,  in  which  he  stated  that 
the  fish-remains  noted  in  the  earlier  paper,  together  with  some 
Additional  specimens  from  the  same  locality,  had  been  submitted  to 
M.  Agassiz,  who  thought  the  Perch,  Pike,  and  Trout  differed  from 
the  living  species,  and  tbat  the  remains  referred  to  Carp  were  really 

>  Proc.  Geol.  Soc.,  toI.  iii  (1843),  p.  171.   Lond.  &  Edinb.  Phil.  Maff..  May,  1840. 

'  **0q  the  Freeh- water  Fossil  Fishes  of  Mundesley  as  determined  by  M.  Agassiz  "  : 

Proc.  Geol.  Soc.,  toI.  iii  (1843),  p.  362.  Ann.  Mag.  Nat.  Hist.,  toI.  Till  (1842),  p.  SI . 
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a  species  of  Leudseus.  No  statement  was  made  as  to  the  nature  of 
tbe  rrasains  ^huili  hafl  been  found,  nor  what  became  of  the  specimens* 

H.'  Agassiz  seems  to  have  been  impressed  with  the  idea  that 
no  fossil  forms  could  be  identical  with  living  species,  and  this, 
apparently,  led  him  to  attach  greater  importance  to  the  slight 
differences,  which  he  saw  between  the  Mimdesley  remains  and  the 
corresponding  parts  of  living  fishes,  than  would  be  allowed  by 
naturalists  of  the  present  day.  Certain  fish- remains,  more  recently 
obtained  from  these  fresh -water  deposits  at  Mundesley,  which  in 
all  probability  represent  tbe  same  forms  as  those  found  by  Lyell, 
cannot,  I  think,  be  semirated  from  living  species. 

In  the  year  1854  Professor  J.  Morris'  recorded  Esox  sp.,  from 
the  Pleistocene  of  Copford,  Essex  :  the  specimens  were  jaws  and 
teeth  in  tbe  collection  of  Mr.  Brown,  and  they  are  now  preserved  in 
the  British  Museum,  South  Kensington  (Nos.  36,658-60).  Other 
remains  of  Pike  from  Copford  were  presented  to  the  British 
Museum  by  the  Bev.  O.  Fisher  (No.  4,848). 

Twenty  years  elapsed  before  Mr.  William  Davies '  recognized,  in 
1874,  tbe  remains  of  Pike  in  the  collection  of  Sir  Antonio  Brady, 
from  the  Brickearth  of  Ilford,  specimens  which  are  now  in  the 
British  Museum,  South  Kensington  (No.  45,810).  These  remains 
were  doubtfully  named  jEbox  lucins  ?,  but  were  acknowledged  to  be 
inseparable  from  that  species,  and  in  1890  were  so  named,  without 
doubt,  by  Messrs.  A.  Smith  Woodward  and  C.  Davies  Sherbom.' 
During  Mr.  Clement  Beid's^  Qeological  Survey  of  the  ''Country 
around  Cromer,"  he  obtained  a  number  of  specimens  from  the 
classical  Mundesley  river  bed,  and  among  them  remains  of  Pike, 
Ikox  husius  (M.P.G.— C.B.  665-6).  Since  the  Survey  Memoir 
was  published,  Mr.  Beid  has  collected  from  the  same  place  scales 
and  teeth  referable  to  Perea  flutnaiilis  (M.P.G.— C.B.  666)  and 
a  tooth  of  the  genus  Leudseus  (M.P.6.— C.B.  869).  We  are 
thus  able  to  confirm  the  occurrence  of  three  of  the  forms  recorded 
by  Sir  C.  Lyell ;  and  there  seems  no  sufficient  grounds  for  referring 
them  to  other  than  recent  species.  Two  or  three  different  kinds  of 
scales  remain  at  present  unidentified,  but  none  of  them  can  be 
definitely  named  Salmo,  tbe  fourth  eenus  mentioned  by  Sir  C.  L^elL 

Mr.  Eeid's  researches  in  the  neighbourhood  of  Holdemess,'  "Eork- 
shire,  enabled  him  to  record  Perca  fluviatilis  from  both  Hornsea 
(M.P.G.— C.B.  1,119)  and  Withemsea  (M.P.G-— C.E.  1,071). 

In  the  year  1888  Mr.  G.  W.  Lamplugh*  gave  an  account  of 
a  deposit  at  Sewerby,  near  Bridlington  Quay,  which  yielded  bones 
of  ElephaSf  EkinoeeroSt  Hippopotamus,  etc.,  and  is  doubtless  of 
Pleistocene  age.  With  these  mammalian  bones  were  also  found 
▼ertebne  of  fishes,  which  almost  certainly  belong  to  Codfish.  This 
record  is  the  more  interesting  as  it  is  the  only  known  instance  of 

>  Cata]og:ae  of  British  Fossils,  2iul  ed.  (1854),  p.  326. 

»  Cat.  Pleistocene  Vert.  Coll.  Sir  Ant.  Brady,  1874,  p.  61. 
'  Catalogue  of  Britbh  Fossil  Vertebrata. 

*  Mem.  Geol.  Snrr.,  1882,  p.  126. 

>  Mem.  Geol.  Smr..  1886,  pp.  82  and  85. 

*  **  An  Ancient  Sea  Beach  near  Bridlington  Quay '' :  Brit.  Assoc.  Report  for  188S. 


Digitized  by  VjOOQ IC 


JE.  T.  Newton— Briiiah  Pkidocene  Fiskes.  Si 

fish-remains  being  found  in  a  British  Pleistooene  deposit 
The  proximity  of  the  sea  would  easily  aooouat  A>r  the  presenoe  of 
these  6A  bones,  as  well  as  for  the  marine  molluscs  which  n^ere 
loand  with  them;  but  it  also  suggests  the  possibility  of  a  more 
reoent  introduction.  Mr.  Lamplugh's  careful  work  is,  however, 
a  guarantee  that  the  fish  bones  were  cotemporary  with  those  of  the 
Mammoth,  and  the  condition  of  the  specimens,  which  are  now  ii^ 
the  Jermyn  Street  Museum,  is  precisely  the  same. 

Two  teeth,  probably  of  Pike,  found  by  Mr.  B.  B.  Woodward  in 
the  Crayford  Brickearth  in  1891,  are  now  in  the  British  Museum. 

In  the  year  1894  Mr.  F.  G.  J.  Spurrell  presented  to  the  Museum 
•of  Practiced  (Geology  a  number  of  specimens  from  the  Brickearth  of 
Erith«  and  among  these  were  some  teeth  of  Esox  lueius  (No.  5,646). 

Mr.  Clement  Reid*s  most  interesting  work  on  the  series  of  strate 
found  at  Hoxne,*  in  Norfolk,  not  only  brought  to  light  a  lai^ 
number  of  plants,  but  also  of  small  bones  of  vertebrate,  among  which, 
rrom  Bed  E,  were  remains  of  Perea  fluviatSia  (M.P.O.,  6,084)  and 
Lemei$cu$  rutilus  (M.P.G..  6,083).  In  the  following  year,  1897,  the 
results  of  Mr.  Beid's  similar  researches  at  Hit<^in'  were  puUished, 
and  from  beds  on  the  same  horizon  as  D  and  £  at  Hoxne  he  was 
able  to  record  Perea  fluviatHis^  Esaa  lueius^  Tinea  vtdgarie,  LeueheuB 
^rgikropTUhalmuM,  and  L.  rutUus  (M.P.G.,  6,301). 

F<»r  some  time  past  Mr.  M.  A.  C.  Hinton  and  Mr.  A.  S. 
Kennard  have  been  searching  the  various  Pleistocene  beds  at 
Orays  Thurrook,  and  have  obtained  a  good  number  of  bones  and 
teeth  of  small  vertebrates,  among  which  are  many  belonging  to 
freA-water  fishes.  Some  account  of  these  was  read  before  the 
Essex  Field  Club'  on  October  27th,  1900.  About  a  doaen  otoliths, 
whioh  agree  most  nearly  with  those  of  the  Ruff,  are  provisionally 
referred  to  Acerina  vulgaris  ? ;  a  number  of  teeth  doubtless  belong 
to  the  Pike,  Esox  lueius ;  several  pharyngeal  bones  and  numerous 
isolated  teeth  are  referred  partly  to  Boaoh,  Leueiseus  rutilus,  and 
partly  to  Dace,  Z.  vulgaris ;  one  tooth  has  the  characteristic  curved 
and  crenulated  crown  of  the  Rudd,  Z.  erythropkihalmus;  and  there  is 
a  single  vertebra,  having  the  peculiar  tubular  neural  arch  found  in 
the  Eel,  which  is  with  much  hesitation  named  AnguiUa?  vulgaris? 

There  is  a  series  of  small  vertebrata  from  Grays  Thurrook  in  the 
Brown  Collection  in  the  British  Museum  (No.  28,079),  among  whioh 
aie  remains  of  fishes  referable  to  Pike,  Rudd,  and  probably  i^tce. 

Many  otoliths  of  fishes  have  been  collected  by  Mr.  Clement  Reid 
from  Pleistocene  beds  on  the  foreshore  at  Selsea ;  they  belong  to 
aboot  sixteen  different  forms,  but  none  of  them  have  been  definitely 
leoognized  as  of  living  species.  It  is  almost  oertain  that  the  greater 
number  of  these  otoliths  have  been  derived  from  the  denudation  of 
liooflne  strata  in  the  neighbourhood,  and  they  cannot,  therefore,  be 
included  among  the  British  Pleistocene  fishes. 

The  discoveries  of  Pleistocene  fish-remains  on  the  Continent  have 

*  Brit.  Assoc.  Report  for  1896. 

»  Proc.  Roy.  Soc.,  ▼ol.  bd  (1897),  p.  45. 

'  Easex  Naturalist  (in  the  press,  not  yet  published). 
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been  even  fewer  than  in  England.  Dr.  Alf.  Nehring/  in  his  ^'Ueber* 
sicht  liber  24  mitteleuropaisohe  Quartar-Faunen/'  mentions  the 
followiog  :~Froin  (1)  "  Westeregeln  bei  Magdeburg  "  (p.  474),  Beox 
ludtu;  (2)  *'DieBaaberhdhleamSchelmengrabenzwi8ohenNurnberg 
nnd  Begensburg"  (p.  488),  Silurua  glania,  l^ox  lueiui,  Cyprinus  earpio ; 
(d)  «<Der  Hohlefels  im  Aohthai  bei  Ulm  "  (p.  490),  Oyprinui  earpio 
(or  Perea  fluviatilis)  ;  (4)  "  Die  Fuchslocher  am  Bothen  Berge  bei 
Saalfeld  "  (p.  495),  Esox  luetua ;  (5)  **  Die  Hohle  von  BaWe  in  West- 
falen "  (p.  504),  E$ox  luciua.  The  age  of  the  specimens  from  the 
first  two  localities  is  donbtfol. 

Dr.  A.  Smith  Woodward  has  kindly  called  my  attention  to 
Professor  F.  Bassani's'  record  of  Anguilla  vulgaris,  Cyprinus  earpio, 
and  Leudscus  aula  from  beds  at  Pianico,  Lombardy,  whiob 
Dr.  Forsyth-Major  assures  me  are  of  early  Pleistocene  age. 

British  Plbistoobne  Fishes  at  pbbsent  known, 

Wiih  the  Localities  from  which  they  were  obtained  and  ihe  GoUeetion^ 

in  which  they  are  preserved, 

fi.M.  =  British  Museum.        M.P.O.  =  Museum  of  Practical  Geoli^. 
H.  &  K.  =  Collection  of  Messrs.  Hinton  and  Kennard. 

Psrca  flttviatilis,  Linn.  (Perch) :  Mundesley,  Hornsea,  Withemsea^ 

Hitohin,  Hoxne  (M.P.G.). 
Aeerina  vulgaris?,  Cuv.  &  Val.  (BuflF) :  Grays  Thurrock  (H.  &  K.). 
Salmo  sp.  (?  Trout) :  Mundesley  (fide  Lyell). 
Esox  lucius,  Linn.  (Pike) :  Erith,  Hitchin  (M.P.G.)  ;  Copford,  Ilford 

(B.M.) ;  Grays  Thurrock  (B.M.  and  H.  &  K.). 
Leueiseus    rutilus,  Linn.    (Boach) :    Mundesley  ?,  Hitchin,   Hoxne 

(M.P.G.) ;  Grays  Thurrock  (H.  &  K.). 
Leudscus  vulgaris,  Flem.  (Dace) :  Grays  Thurrock  (RM.  and  H.  &K.). 
Leueiseus  erythrophthalmus,  Linn.  (Budd)  :  Hitchin  (M.P.G.)  ;  Grays 

Thurrock  (B.M.  and  H.  &  K.). 
Tinea  vulgaris,  Ouv.  (Tench) :  Hitchin  (M.P.G.). 
Anguilla?  vulgaris?,  Turton  (Bel)  :  Grays  Thurrock  (H.  &  K.). 
Oadus  morhua?,   Linn.  (Codfish) :  Sewerby  (M.P.G.). 


IL — On  Bblinubus  kiltorkbnsis,  Baily. 
fiy  Professor  G&bnvillb  A.  J.  Colb,  M.R.I. A.,  F.G.S. 

IN  1899  Messrs.  Bupert  Jones  and  Henry  Woodward '  stated  that 
Belinurus  '*  has  not  at  present  been  found  in  rocks  of  earlier  age 
than  the  Coal-measures."  Belinurus  grandavus,  described  in  the  same 
paper,  was  referred,  with  probability,  to  the  Lower  Carboniferous. 
A  writer  ("  B.  W.  E.")  in  the  Ottawa  Naturalist^  for  January, 
1900,  thereupon  called  attention  to  the  record  of  Belinurus  from  the 
Kiltorcan  Beds  of  Ireland.    This  record  is  founded  on  Mr.  W.  H. 

^  Zeitsch.  d.  Deutsch.  geol.  Gesell.,  1880,  p.  468,  where  reference  will  be  foond 
to  ihe  original  records. 

>  Atti  Soc.  Ital.  Sci.  Nat.  toI.  xxix  (1886),  p.  344. 

>  **  Contribntions  to  Fossil  Crustacea  '* :  Qbol.  Mao.,  1899,  p.  389. 
*  Quoted  in  Gbol.  Mao.,  1900,  p.  177. 
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Stil/B  disooTery  ■  of  "a  well-marked  head  (or  carapace),  to  which 
18  attached  portions  of  two  of  the  thoracic  segments."  Dr.  Henry 
Woodward,'  in  1878,  accepted  this  determination,  on  the  basis  of 
fketohee  famished  to  him  by  Mr.  Baily,  who  had  by  this  time 
disoovered  a  second,  though  distorted,  specimen.  The  Eiltoroan 
Beds,  it  may  be  remarked,  are  of  Upper  Old  Red  Sandstone  age, 
and  are  part  of  the  '  Tellow  Sandstone  Series,'  which  passes  con- 
formably up  into  the  Lower  Carboniferous  Shale.  They  are  not, 
therefore,  oif  such  high  antiquity  as  the  writer  in  the  Ottotffa 
NahurtUiBt  suggests. 


Fio.  1. — Sketch  of  the  less  imperfect  specimen  of  Belinm'ut  kiltorhenM^  Baily, 
showing  the  principal  features  visible  with  a  platyscopio  lens.  Natural  8i£e. 
The  carapace  is  Tiewed  from  the  nader  side. 

Fio.  2. — Sketch  of  the  distorted  specimen,  viewed  from  the  upper  side  with  the  aid 
of  a  platyscopic  lens.  Natural  size.  The  details  of  the  central  portion  are 
best  seen  in  this  example,  though  the  whole  is  greatly  broadened. 

The  question  having  thus  been  raised,  I  obtained  the  permission 
«f  the  Director-General  of  the  Geological  Survey  to  examine  the 
apeoimens  preserved  in  the  collections  in  the  Dublin  Museum. 
Mr.  Baily's  specimens  have,  at  some  later  time,  been  relabelled 
as  *  Limuloides';  but  the  carapace  is  certainly  not  of  the  hemiaspid 
type.  It  presents  the  continuous  unnotched  margin  shown  in 
Mr.  Baily's  original  drawing.  The  better  specimen  is,  I  feel 
confident,  presented  to  us  from  the  under  side,  and  shows  more 
detail  than  has  hitherto  been  attributed  to  it  The  flat  border, 
1  mm.  wide,  is  followed  by  a  smoothly  curving  region,  from  which 
Qie  protuberances  rise  which  correspond  in  part  to  the  glabella  in  the 
trilobites.  The  form  of  these  is  best  seen  from  the  annexed 
sketches,  which,  like  Mr.  Baily's,  have  been  made  from  the  original 
specimens.  The  distorted  example  is  seen  both  as  an  external  cast 
and  in  relief,  and  the  four  elevated  portions  stand  out  distinctly 
on  it.  They  seem  to  have  been  highest  at  their  margins,  a  rim 
thus  occurring  about  a  depressed  area  on  each.  This  feature  is  also 
eeen  in  Mr.  Oriesbaoh's  drawings  of  the  better  known  species  of 

The  eyes  indicated  by  Baily  are  based  on  a  thickening  that  oocurs 
-on  the  edge  of  the  '  glabella,'  where  it  descends  to  meet  the 
•moother  lateral  area.  The  evidence  is  slight,  but  agrees  with  what 
Is  already  known  of  Belinurus, 

There  are  indications  of  radial   ribbings  on  either  side  of  the 

^  *'  On  Fossils  obtained  at  Kiltorkan  Quarry,  Co.  Kilkenny'':  Report  Brit.  Assoc* 
Jor  1869,  p.  76. 
.  >  ''British  Fossil  Crustacea"  (PaloBontographical  Society),  p.  238. 

*  "Brit.  FoM.  Cmst."  (Pal.  Soc.),pl.  xixi. 


Digitized  by  VjOOQ IC 


M  Professor  r.  EupeH  JoneaSiaiori^  of  Saraens. 

'glabella,'  like  those  that  have  been  attribated  to  impressiofts  of 
the  limuloid  limbs. 

The  *  pleur» '  (if  we  nay  use  the  nomenclature  adopted  in  the 
case  of  trilobites,  with  whioh  these  forms  provide  so  valuable  a  link) 
are  furrowed,  while  in  Hemiaspis  (^Limuloides)  they  are  anfurrowed* 
Traces  of  three  segments  are  preserved  in  the  more  perfect  specimen. 
Even  the  somewhat  abrupt  posterior  bend,  so  characteristic  of  the 
pleurs  of  Bdinuru9  regina,  is  noticeable  in  the  first  segment  of 
Belinurua  kiltorkensis,  and  was  doubtless  repeated  in  the  others. 

Frololimulm  (Frestwichia)  erietmSf  described  from  the  Devoniaa 
of  Pennsylvania  by  H.  S.  Williams  and  A.  S.  Packard>^  is  only 
known  by  its  under  surface  ;  but  the  cephalic  shield  does  not 
resemble  that  of  the  Eiltorkan  specimens. 

I  feel,  then,  that  Belinttrus  may  safely  be  regarded  as  occurriug 
in  the  Upper  Old  Red  Sandstone  of  Ireland,  whioh  some  authors  have 
proposed  to  include  in  the  Lower  Carboniferous  Series.  There  seems 
no  reason  to  depart  from  the  determination  made  by  Mr.  Baily  and 
Dr.  Woodward  thirty  years  ago,  a  determination  that  has  become 
widely  known  through  the  works  of  Zittel  and  other  palsdontologists* 


IIL — HiSTOBY  OV  THE  SaBSBNS. 

By  Profenor  T.  Ruphrt  Jonbs,  F.R.S.,  F.Q.S.,  etc. 

Additional  Notes. — ^These  further  references  and  fuller  quotations 
are  here  given  with  the  view  of  making  the  History  of  the  Sarsens^ 
or  Sarsen  Stones,  more  complete  and  more  easily  available,, 
especially  by  indicating  the  chronological  succession  of  observed 
facts  and  published  opinions. 

i  1.  Origin  and  Constitution  of  the  Stones  called  '  Sarsena.' 

4  2.  Fossils  in  Sarsens. 

I  3.  Localities.  I.  In  the  Counties  north  of  the  Thames :  (1)  Northamptonshire^ 
(2)  Soffolk,  (3)  Essex,  (4)  Hertfordshire,  (5)  Backinghamshire,  (6)  Oxford- 
shire, (7)  Middlesex.  II.  In  the  Counties  south  of  the  Thames :  (8)  Kent» 
f9)  Surrey,  (10)  Hampshire,  (11)  Berkshire,  (12)  Wiltshire,  (13)  Dorset,. 
(14)  Somerset,  (15)  Devon. 

f  4.  Bioliographic  last. 

§    1.   OaiaiN   AND   OONSTITOTION    OF  SaBSENS. 

,    (See  also  Part  i  in  Wilto  Mag.,  1886,  p.  126.) 

1819.  G.  B.  Oreenough,  in  his  "Critical  Examination  of  the 
First  Principles  of  Geology,"  p.  112,  says  that  the  Grey  weather 
Stones  ('  Grey  wether  sandstone,'  etc.,  p.  293),  scattered  over  the 
southern  ooanties  of  England,  have  b^n  evidently  derived  from 
the  destruction  of  a  rock  which  once  lay  over  the  Chalk. 

1871.  In  the  Transactions  of  the  Newbury  District  Field  Clnb» 
vol.  i,  p.  99,  Sarsens  are  referred  to  as  *'  indurated  blocks  of  sand- 
stones and  conglomerates." 

1882  and  1885.  Sir  Archibald  Geikie,  treating  of  silioeoua 
cements  in  sandstones,  writes,  "  where  the  component  particles  are 

i 

^  Packard,  **  Carboniferons  Xiphosurous  Fauna  of  North  Amerioa":  Mem.  Nat^. 
Acad.  Soi.  Washington,  toI.  iii  (1886),  p.  150. 
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boimd  together  by  a  flinty  substanoe,  as  in  the  exposed  blocks  66 
Eocene  sandstone  known  as  <  Grey- weathers  '  in  Wiltshire,  aowl 
whioh  oooars  also  [Landenian,  sandstone]  over  the  north  of  Fratioo 
towards  the  Ardennes"  (<' Textbook/'  2nd  ed.,  1885,  p.  162). 

In  a  letter,  Sir  ArohibiAld  has  obligingly  stated  that  the  first  and* 
best  aoconnt  on  which  the  reference  to  the  above  was  btised  is  by 
Dr.  C.  Barrois,  Ann.  Soa  Geol.  du  Nord,  vol.  vi  (1878-9),  p.  866. 
See  also  his  short  paper  in  the  Assoc.  Fran9aise,  1879,  p.  666. 
GhMselet  quotes  Barrois  in  his  great  work  *'  L'Ardonne,"  1888,  p.  829. 
Farther  references  are  also  given  by  these  two  authors. 

1885.  TheBev.  A.  Irving,  taking  it  for  granted  that  a  large  rivec 
in  Eocene  times  flowed  from  a  region  of  Palceozoic  rooks  in  the  west^ 
in  the  direction  of  the  Thames  Valley  to  the  east,  said  that  the  detritus 
would  be  quartzose  and  felspathio ;  the  felspars  would  ultimately  be 
decomposed  by  the  agency  of  carbonic  acid,  and  gelatinous  hydrutec^ 
silica  would  be  produced.    (Proc.  Geol.  Assoa,  vol.  viii,  pp.  156, 157.) 

1887.  The  Bev.  A.  Irving,  in  a  letter  dated  March  6th,  1887^ 
writes : — "  Ton  have  overlooked  one  point  which  I  have  tried  to  bringj 
ont  in  some  relief — the  fact  that  the  surface  acquires  a  porcellanous 
textnre,  not  due  to  cementation  by  iron  (for  from  the  superficial 
layer  the  iron  is  entirely  leached  out),  but  to  an  actual  change  of  the 
material  by  a  solution-process.  I  suggested  (three  or  four  years 
ago)  G  Os  as  the  chief  agent ;  but  later  work  has  shown  me  that  the 
organic  acids  contained  in  peaty  water  have  played  a  far  more 
potent  part  in  this  snb-metauiorphic  change." 

1888.  In  the  Gbological  Magazimb,  Dec.  Ill,  Vol.  V,' 
Dr.  T.  G.  Bonney  states  that  the  Sarsens  of  the  Tertiaries  are  of 
concretionary  origin  :  "  In  the  Sarsen  Stones,  and  with  matrix  of 
the  Hertfordshire  Puddingstones,  there  is  chalcedonic  silica  converting 
sandstone  into  quartzite  "  (pp.  298-300). 

1888.  J.  Prestwich:  "Geology,"  eta,  vol.  ix,  p.  342.  "These 
sands  [of  the  Woolwich  and  Beading  Series]  also  occasionally^ 
contain  concreted  blocks  in  irregular  local  beds  of  sandstone^' 
sometimes  with  very  hard  siliceous  cement"  Footnote  at  p.  342 : 
"  Mr,  Whitaker  and  Prof.  Bupert  Jones  think  that  in  Berkshire  and 
Wiltshire  they  [the  Sarsens]  are  more  frequently  derived  from  the 
Bagshot  Sands."  The  '  Puddingstone '  of  Bucks  and  Herts  is  here 
referred  to  the  Beading  Beds.  Further  on,  at  p.  364,  it  is  stated 
that  Sarsens  occur  in  the  Bagshot  Sands  of  Frimley  and  Ghobham. 

N.B.  —  Concretionary  action  has  produced  in  many  Sarsens 
mammiUations  on  a  large  scale,  which  show  on  some  surfaces 
irregular,  ooalescent,  smooth  swellings,  with  shallow,  valley-like 
slopes  and  depressions,  like  those  on  the  so-called  '  bowel -stones ' 
of  the  Lower  Greensand  near  Aylesbury.  H.  B.  Woodward's 
"Geology  of  England  and  Wales,"  2nd  ed.  (1887),  p.  377.  Such 
mammiUated  Sarsens  occur  in  Suffolk,  Wiltshire,  and  elsewhere. 

N.B. — ^The  convexity  of  the  lower  face  of  a  Sarsen  lying  in  its 
original  sand-bed  is  due  to  the  concretionary  formation  of  the  stone. 

1901.  J.  W.  Jadd's  <*  Note  on  the  Structure  of  Sarsens" 
(ChML.  Mao.,  Jannaiy,  1901,  pp.  1,  2)  gives  definite  description* 
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of  the  intimate  oonstitntion  of  many  Sarsens  from  anthentioaied 
looalities. 

N.B. — Besides  the  Tertiary  sandstones,  other  and  older  white 
sandstones  have  yielded  large  and  small  blocks,  now  on  the  snrfaoe 
or  in  superficial  deposits ;  for  instance,  Upper  and  Lower  Qreensand, 
liiassio  sands,  Millstone  Qrit,  etc. 

§  2.  Fossils. 
(Refer  also  to  pp.  142-147  of  Part  i  in  Wilts  Mag.,  1886.) 
1871.  Professor  John  Phillips,  in  his  "  Geology  of  Oxford/'  1871, 
p.  447,  states : — **  1  have  never  found  shells  in  any  of  these  stones 
lying  in  their  native  beds,  and  have  some  scruple  in  mentioning  that 
they  do  occur  in  a  layer  in  one  of  the  blocks  at  Stonehenge.  But, 
as  1  did  not  choose  by  chiselling  that  monumental  stone  to  attract 
attention  to  it,  probably  it  may  for  many  years  to  come  escape  all 
injury  except  that  which  it  must  suffer  from  the  strokes  of  time.*' 

1878.  In  the  churchyard  of  Sandhurst,  a  large  Sarsen  perforated 
with  pipe-like  holes  lies  at  the  foot  of  the  old  yew-tree  there. 
(T.  R.  J.,  Trans.  Newbury  Distr.  P.  Club,  vol.  ii,  p.  249.) 

1887.  0.  0.  King  suggested  that  in  the  Avebury  district  the 
Sarsens  were  more  particularly  perforated  by  rootlets,  and  that,  if  so, 
the  shoals  or  sandbanks  formerly  bearing  the  trees  were  better 
conditioned  for  the  vegetation  than  other  parts  of  the  formation. 

1888.  J.  Prestwioh  :  "  Geology,"  eta,  vol.  ii,  p.  344.  The 
indications  in  the  Sarsens  of  the  former  presence  of  rootlets,  possibly 
of  Palms,  are  here  mentioned. 

1888.  The  same  kind  of  fossil  tubular  marks  in  Sarsens  may  be 
seen  in  some  blocks  on  the  side  of  the  Newbury -Hermitage  road,  or 
Long  Lane,  west  of  Coldash  Common. 

1897.  Rootlet-holes,  mostly  vertical,  occur  in  a  Sarsen  in  a  brick- 
field near  Watford,  Herts. — C.  D.  Sherborn. 

N.B. — The  perforations  due  to  rootlets  have  been  widened  on  the 
exposed  surfaces  of  the  stones  by  water-action  and  blown  sand,  so  as 
to  leave  the  surface  variously  pit-marked. — T.  R.  J. 

N.B. — Analogous  pipe-like  remains  of  rootlets  occur  as  long, 
small,  vertical  holes,  in  the  Hastings  sand-rock.  East  Cliff,  Hastings 
(Oeologiat,  vol.  v,  1862,  pp.  135,  136,  fig.  9;  and  Gbol.  Mag., 
1875,  p.  589) ;  in  the  Triassic  (?)  Sandstone  of  South  Sweden ;  and 
in  some  of  the  estuarine,  Jurassic  shales  of  Yorkshire,  near  Whitby 
(A.  C.  Seward)  and  near  Scarborough. — T.  R  J. 

§  3.  Looalities. 

L  (1)  Narthampton$hire, — 1896.  Mr.  Edwin  Sloper  observed  in 
a  pit  at  the  Northampton  Brickworks  at  Blisworth  a  Sarsen  that 
bad  evidently  fallen  from  the  base  of  the  Drift  overlying  the  Lias 
day  there.  This  Sarsen  was  to  be  cared  for  by  being  placed  in  the 
gardens  of  the  Hotel  at  Blisworth.  It  consists  of  a  white  sandstone 
with  siliceous  cement,  and  with  filamentous  cavities,  which  are 
faintly  stained  with  limonite. 

(2)  Suffolk — 1889.  Sarsens  are  abundant  in  the  neighboarhood 
of  Nay  land,  at  comers  of  cross-roads  and  elsewhere.    Fine-grained 
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iiooliaroidal,  and  stiuned.  Many  with  large  and  small  tubular  holes, 
some  of  which  are  split  open  and  form  furrows  on  the  surfaces,  ofken 
doe  to  old  natural  splitting. 

1889.  Hartest  Qreen,  Suffolk.  A  large  brownish  Sarsen  (5  ft  8  ins. 
X  5  ft  2  ins.  X  3  ft.  6  ins.),  much  rounded  (almost  like  a  boulder), 
fine-grained  and  whitish  inside,  where  wounded  by  blows  of  stones. 
Moch  pitted  naturally  on  the  outside.  Flattened  at  the  top,  and 
worn  smooth  by  boys' play.  It  was  taken  years  ago  out  of  a  field 
now  occupied  by  Mr.  Griggs,  and  required  eight  horses  to  drag  it 
It  is  stated  in  a  letter  from  a  resident  there  that  "  it  measures  12  feet 
round  (probably  touching  the  ground  for  6  feet  of  its  length),  and 
about  4  feet  across,  weighing  5  or  6  tons."  It  is  not  alluded  to 
as  a  boulder  by  the  Committee  on  Boulders,  etc.  (British  Association). 

1889.  At  Newton  Qreen  there  is  a  large  Sarsen  stone  (4)  X 
3x2  feet)  by  the  side  of  the  pond  next  to  the  "  Saracen's  Head  " 
Inn,  which  shows  on  one  side  a  '  bowelly  *  surface,  and  the  other 
•idee  split  flat. 

1889.  One  stone  (d  feet  long)  with  bowelly  surface,  and  with 
tabnles,  is  at  Frost  Farm,  Stoke,  near  Nayland.  Near  Nayland,  at 
the  comer  of  cross-road  from  Bures  to  Colchester,  there  is  a  Sarsen 
7  ft.  6  in.  long,  roughly  oval  in  outline.  By  the  side  of  the  high 
road  near  the  Popsey  bridge,  a  little  east  of  the  Anchor  bridge,  Nay- 
land, a  Sarsen  standing  on  the  bank  (3  x  1|  feet)  shows  a  natural 
anrfaoe  with  a  large  hole,  also  a  boldly  mammillated  surface 
{bowelly).     Its  upper  end  and  sides  are  split  flat ;  lower  end  buried. 

1889.  In  a  letter  dated  Ipswich,  September  12th,  1889,  the  late 
Dr.  J.  £.  Taylor  obligingly  informed  me,  with  regard  to  some  Sarsen 
•tones  found  at  Ipswich,  that  « the  Reading  stone-bed  specimen  [not 
M,  Sarsen]  is  highly  calcareous,  but  I  have  found  no  traces  of 
Foraminifera  in  it  The  mammillated  stone  is  purely  siliceous.  •  • 
«  •  The  siliceous  stones  are  abundant  hereabouts ;  the  others  not 
so.  I  got  them  both  [the  stones  referred  to]  during  the  excavation 
4>f  the  deep  sewers  in  one  of  the  streets  of  this  town." 

(3)  .£<s«x.— 1896.  T.  V.  Holmes :  Proc.  Geol.  Assoa,  vol.  xiv, 
p.  190.  A  large  Sarsen  is  here  mentioned  that  has  been  removed 
from  the  Qlacial  Qravel  at  Writtle  Wiok,  near  Chelmsford.  A  note 
on  the  possible  origin  of  the  word  Sarsen  is  also  given. 

1896.  A.  E.  Salter:  Proa  Oeol.  Assoa,  vol.  xiv,  p.  394.  In  the 
Epping  Forest  gravel  A.  E.  Salter  noticed  "  Sandstones  and  Sarsens, 
both  large,  various,  and  plentiful.  At  Epping  Forest  I  saw  three, 
neasuTing  9  in.  by  5  in.,  12  in.  by  6  in.,  and  20  in.  by  5  in. 
reapeotively."  In  the  high  -  level  Glacial  Gravel  at  Witherthom, 
four  miles  east  of  Ongar,  **  large  Sarsens  (2  ft  by  l^ft) "  (p.  395). 
At  Woodton,  in  the  Yare  Valley,  "a block  of  Hertfordshire  Pudding- 
stone  was  found  "  (p.  399). 

(4)  HertfordBUre.^\^^l  and  1899.  The  Bev.  Alex.  Irving 
describes  both  Sarsens  and  Herts  Puddingstones  as  common  in  the 
Stort  Valley  (Herts  and  Essex).  He  refers  both  to  the  Bagshot 
Series*  the  latter  particularly  to  the  Pebble-beds;  and  he  states  that 
both  rocks  are  agglutinated  by  the  same  kind  of  siliceous  cement 
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(Proa  G'eol.  Amoo.,  Vol.  xr,  pp.  196  and  236).'  He  duly  ineniioiia- 
Uiat  Mr.  Whitaker  legards  Ihe  Hertfordshire  Puddingstone  of  tlii» 
neigbbourbood  under  notice  as  having,  in  part  at  least,  been  coo^ 
solidated  pebble^beds  of  the  Wodlwioh  and  Reading  Series,  like 
those  at  Addington,  near  Croydon.  See  also  Mr.  Whitaker's  Address 
to  the  Herts  Nat.  Hist  Soc.,  Proc.,  vol.  z,  pt.  4  (September,  1899), 
p.  116. 

(5)  Buekinghamihire. — 1890.  A  row  of  ooarse,  gravelly  Sarsena 
lies  along  the  side  of  the  road  up  to  the  church  at  Badenham.  They 
were  placed  there  by  the  Rector,  who  said  that  such  stone  underlies 
the  Rectory  house  and  lawn  close  by ;  and  some  blocks  of  it  were 
still  lying  about  there.  In  the  church  tower,  up  along  the  re-entrant 
angles  of  the  buttresses  and  tower,  numerous  ordinary  fine-grained 
Sarsens  are  built  in  with  the  flint-work.  Professor  Prestwich  said, 
June  2l8ty  1890,  that  the  ooarse-grained  Sarsens  at  Bradenhum  came 
f^m  the  base  of  the  Tertiaries. 

In  Buckinghamshire  Sarsens  are  known  as  'Wycombe  stones/ and 
in  the  Bagshot  district  as  '  Heath  stones.' 

(6)  Ox/ordahire.-^  1S71.  Professor  J.  Phillips  regarded  tho 
Sarsen  stones  as  concretionary  portions  of  extensive  sand-beds  ono9 
overlying  the  district  with  its  previously  excavated  Chalk  valleys. 
The  loose  sands  were  carried  away  by  denudation,  and  the  solid 
portions  suffered  displacement  Some  containing  flint  pebbles  and 
fragments  lie  on  the  north  side  of  the  Wiltshire  downs.  Some  large 
Sarsens  are  found  in  the  Drift,  for  instance  at  Long  Wittenham, 
near  Abingdon.  See  his  "  Geology  of  Oxford  and  the  Valley  of  tho 
Thames/'  1871,  pp.  447  and  462. 

(7)  J^d/f/esex.— 1891.  Horace  B.  Woodward,  in  the  Osou  Mag.,. 
Dec.  Ill,  Vol.  VIII,  pp.  119-121,  suooinctly  described  a  very  largec 
Grey  wether,  of  irregularly  quadrangular  form,  that  was  found 
lying  in  the  London  Clay,  at  the  bottom  of  the  Thame& 
Valley  Gravel,  at  Moscow  Bead,  Bayswater,  in  enlarging  the 
oellarage  of  the  ** King's  Head."  It  was  9ft.  Gins,  long,  and  at 
least  2  ft  8  ins.  thiok.  Mr.  H.  B.  Woodward  remarks  that  Sarsena 
have  been  found  in  many  places  at  the  same  horizon  in  the  base 
of  the  Thames  Valley  Gravel — at  the  Law  Courts  in  the  Strand^ 
and  near  Kew  Bridge ;  at  Ealing  in  the  Brent  Valley ;  at  Ilford,  and 
at  Grays ;  but  not  usually  of  large  size  nor  common.  He  notea 
also  that  Sarsens  and  Hertfordshire  Puddingstone  occur  in  tho 
Brickearth  in  Buckinghamshire,  derived  in  Glacial  times  from  the 
wreck  of  Woolwich  £ds  and  fiiagshot  Sands.  The  Thames  Vallej 
got  its  gravel  mainly  from  the  Glacial  Drift.  The  Bayswater  Sarsen 
is  six  miles  distant  from  nearest  known  Glacial  Drift ;  and,  he  says^ 
"it  is  quite  possible  that  this  particular  block  may  have  beea 
derived  directly  from  an  outlier  of  Bagshot  Sands,  or  it  may  havei- 
beeh  left  as  a  relic  of  Preglacial  denudation  near  the  spot  where  it 
has  now  been  found."  » 

1895.  At  the  Grove,  Stanmore  (the  residence  of  Mrs.  Brightwen),. 
largiB  Sarsens  have  been  collected  from  the  neighbourhood  and  made 
into  a  grotto.    One  slab  measuree  about  6x3x2  feet;   another^ 
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about  6x6x2  feet  The  surfaces  of  these  two  large  slabs^'have^ 
been  deeply  scored  by  running  water,  and  pierced  in  all  difeotioAS' 
by  rootlet  and  other  holes.— C.  D.  S. 

1896.  In  the  Proc.  GkoL  Assoc.,  toI.  xiv,  p.  158,  Mr.  Allen* 
Brown  states  that ''  a  large  tabular  water- worn  Sarsen,  and  a  portions 
of  it  broken  off  in  Quaternary  times,"  were  found  in  the  gravel  at 
Hanwell ;  and  that  another  Sarsen  occurred  at  the  base  of  the* 
gravel  at  the  back  of  Hanwell  Station. 

1900.  In  '*  The  Pits,"  old  gravel  workings,  an  allotment,  now- 
wooded,  belonging  to  William  Sherbom,  Esq.,  and  formerly  part  of 
Bedford  Common,  Middlesex,  there  is  a  large  Sarsen,  measuring^ 
about  5x5x2  feet,  from  one  end  of  which  a  block  about  a  foot 
thiok  was  removed. — C.  D.  S. 

1900.  In  front  of  the  roadside  inn  (the  "  Griffin  ")  at  Totleridg^ 
or  Whetstone,  near  Highgate,  stands  a  short  thick  Sarsen,  about 
25  inohes  high  above  ground,  and  20  inches  broad  at  top  and 
18  inches  below.  It  is  locally  said  to  be  as  large  again  below  the 
sorfaoe ;  and  to  have  been  used  as  a  '  whetstone '  for  their  weapons, 
by  the  soldiers  going  to  the  Battle  of  Barnet  (1471). — A.  O.  Brawn. 

1900.  Horace  B.  Woodward  describes  a  Greywether  from  tho 
Qravel  of  South  Kensington,  in  the  Gkol.  Mag.,  December,  1900^ 
p.  543  (with  figure).  It  measures  3  ft  10  ins.  X  3  ft  3  ins.  X  2  ft, 
aad  is  in  many  respects  analogous  to  the  specimen  from  Bayswater 
dasoribed  above.  A  smaller  one  has  just  been  found  on  the  samo^ 
spot  (January  23,  1901). 

{To  h0  $mtmu0d.) 

lY. — Sons  Gkolooioal  Notes  on  Cbntbal  Feanob. 

By  M.  S.  Johnston. 

(PLATES  II-IV.) 

I  THOUGHT,  perhaps,  some  readers  of  the  Gkolooioal  Maoazinv 
might  be  interested  in  a  few  notes  taken  during  the  Inter- 
national  Geological  Congress  excursion  to  the  Massif  of  Central 
France  and  the  region  of  the  Causses,  and  on  the  chief  rocks  there,, 
with  the  best  places  for  finding  examples. 

By  making  Clermont  Ferrand  a  starting-point,  the  Piiy  de  Dome 
may  be  Tisited  first  llie  road  winds  its  way  up  from  the  extensive 
pkm  of  Limagne.  This  plain,  of  Tertiary  age,  extends  all  along  the^ 
foot  of  the  Monts  Domes  from  Brioude  to  the  Loire.  It  is  formed' 
by  an  alluvial  deposit  left  by  an  ancient  lake  of  the  age  of  the  Paris 
Ruin,  whose  waters  at  periods  of  high  level  probably  flowed  into 
Lao  Limagne.  The  Monts  Domes  rise  abruptly  from  this  plain, 
their  basalt  flows  forming  in  places  precipitous  olififs. 

At  Royat,  the  great  basalt  flow  of  Quaternary  age  is  reached,  at 
tiie  foot  of  which  abundant  mineral  springs  gash  out.  On  either 
side  of  the  lava  rise  rounded  hills  of  granite;  the  typical  granite 
of  theee  bills  is  grey  and  coarsely  crystalline. 

The  Pay  de  Dome  is  composed  of  trachyte.  The  typical  rook 
contains  large  onrstals  of  sanidine,  and  is  very  acid,  having  62  per 
oenl  ef  siUoa.     M.  MioheMievy  is  of  opinion  that  the  trachyte  is- 
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a  dyke  whioh  has  been  buried  ia  the  sooria,  projected  from  the 
orater,  of  whioh  eyery  vestige  has  been  obliterated*  On  the  north 
side  of  the  Puy  de  Dome  there  is  a  curious  sandy  scociaoeoas 
•deposit,  containing  small  rounded  grains  and  specular  iron.  The 
grains  are  considered  by  M.  Michel-LSvy  to  be  liq)illi  from  the 
Tolcano.  Down  the  side  of  the  Nid  de  Poule  there  is  a  large 
deposit  of  scoria  and  bombs  of  yarious  forms* 

The  Puy  de  Pariou  is  a  scoriaceous  cone,  with  an  immense  lava 
•tream:Qf  andesite  flowing  round  the  eastei^  side  of  the  cone  to.  the 
basaltic  plateau  of  Prudelles,.  which  imposed  so .  great  a  barrier  that 
the  stream  divided  and  flowed  down  to  the  Limagne  plain  on  either 
side  of  the  plateau.,  .  Between  Puy  de  Pariou  and  PitideUeB,  at 
Le  Cressigny,  a  cordierite  gneiss  may  be  found,  while  the  Pliocene 
basalt  of  Prudelles  contains  zeolites.' 

Preceding  from  Royat  by  train  to. La  Bourboule,  the  confines  of 
Mont  Dore  massif  are  entered,  upon.  The  line  runs  round  the  north 
of  the  Monts  Domes.  .  At  Vol  vie  a  fine  andesitic  stream  is  crossed ; 
this  stone : is  much  quarried  for  building  purposeis,  whose  durable 
qualities  are  well  seen  in  the  cathedral  ot  Clermont  Ferrand. 
.  On  arriving  at  La  Bourbdule, :  the  first  section  of  interest  is  at 
a  short  distance  from,  the  station. at  Lusclade,  where  rhyblites, 
perlites,  phonolites^  and  trachytes  are  found.  .  One  section  of  rhyolite, 
facing  the  xoad  to  Mont  Dore  and  at  a  small  gorge,  shows  remarkable 
stratification,  the  rhyolite  being  of  two  kinds,  glassy  and  fibrous. 
Up  the  gorge  the  rhyolite  becomes  perlitic,  and  masses  of  ophitio 
basalt  from  the  heights  above  have  fallen  into  the  bed  of  the  stream. 
Pbonolites  without  nepheline,  with  nosean  and  haiiyne,  are  found 
a  few  yards  further  to  the  south. 

The  district  of  Mont  Dore  is  formed  by  two  principal  centres 
of  eruption — one  at  the  Pic  de  Sancy,  the  other  between  the 
^anne  d'Ordenche,  Puy  de  la  Croix  Morand,  and  Puy  de  I'Angle, 
•overlooking  the  gorge  mentioned  above.  The  Pic  de  Sancy  is 
iraohytic,  and  fine  porphyroidal  trachyte  may  be  found  on  its 
northern  slopes.  In  the  ravines  of  the  Grande  Cascade  and 
Egravat  remarkable  sections  are  seen,  tuffs  and  conglomerates  of 
trachyte  or  andesite  alternating  with  compact  flows  of  different 
cocks,  as  trachytes,  andesites,  basalts,  and  labradorites.'  The  greater 
part  of  the  massif  is  formed  of  materials  of  every  size  from  fine 
oinerites  to  conglomerates. 

Cinerites  containing  vegetable  remains  are  well  exposed  on  the 
west  side  of  the  valley  of  the  Dore,  to  the  north-west  of  Mont  Dore 
les  bains.  ,  At  the  Ravin  de  la  Grande  Soierie  is  an  interesting 
example  of  denudation  and  successive  volcanic  phenomena.  The 
bottom  of  the  ravine  is  of  cinerite,  which  rises  on  either  side  and 
is  capped  by  porphyritic  trachyte.  After  the  first  erosion  of  the 
valley  a  stream  of  lava  poured  down  it,  partly  filling  it,  and  which 
was  in  its  turn  eroded  and  has  left  its  mark  in  a  bank  of  andesite  on 
both  sides  of  the  ravine.     A  little  further  on  is  a  basaltic  dyke  rising 

.  ^  A  Isbradorite  of  French  geologists  is  a  basic  andesite  of  English  geologists. 
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Fic.  I. — The  Orgues  de  Bort,  left  bank  of  the  Dordogiie. 


Fig.  2.— Promontory  of  Bajjalt,  Carlat. 
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as  an  isolated  hill  in  the  centre  of  a  circular  valley.  '  Tbis"  is  the 
Boohe  Yendeix. 
After  traversing   some  woods   the    road    opens    on    to  a  fine 

Kiorama,  an  immense  circle  bounded  by  the  mountains  of  Moni 
re»  the  Gantal  and  06zallier,  and  the  hills  of  lesser  heights,  the- 
Orgnes  de  Bort  and  the  Limousin.  The  village  of  Latour  is  built 
on  a  basaltic  promontory.  The  columns  of  basalt  are  magnificent ;: 
their  broad  tope  serve  as  excellent  foundations  to  the  houses,  and  are 
eepecially  well  seen  in  the  small  hill,  on  which  once  stood  a  castle. 

Here  the  road  descends  into  the  valley,  and  the  scenery  is  changed^ 
Bounded  and  striated  hills  of  granite  betoken  the  presence  of 
andent  glaciers,  and  between  them  stretch  marshy  fields  of  peat, 
whose  undersoil  is  formed  of  scratched  pebbles  and  erratic  blocks  of 
every  size.  The  glaciers  were  of  Pliocene  age  and  when  the 
volcanoes  of  Auveigne  were  at  their  highest.  The  glaciers  have 
aoooped  out  curiously  shaped  valleys,  and  the  moraines  lie  along 
ancoesaive  hills,  whose  contours  are  rounded  and  lowered  as  far 
as  La  Pradelle,  when  the  materials  spread  themselves  out  over 
a  flat  tableland,  which  constitutes  the  plateau  of  Lanobre  and 
extends  to  the  Orgnes  de  Bort,  whose  precipitous  escarpment 
dominate  the  left  bank  of  the  Dordogne.  It  may  be  added  that 
at  Bagnols  erratic  blocks,  forming  immense  heaps,  repose  on 
rounded,  polished,  or  striated  cordierite  gneiss. 

From  Bort  a  short  drive  brings  one  up  to  the  Orgnes  de  Bort ;. 
these  'orgnes'  are  of  phonolite  (PI.  II,  Fig.  1).  A  cap  of  phonolite, 
rising  in  immense  oolumns,  overspreads  a  hill  of  augen  gneiss.  Many 
of  the  '  eyes  *  in  this  gneiss  are  very  large  and  in  regular  and  con- 
tinnons  layers. 

The  view  from  this  hill  is  very  fine.  The  massifs  of  Mont  Dore 
and  the  Gantal  are  both  seen  ;  the  Dordogne  and  the  Rhue  have  cut 
narrow  precipitous  valleys  on  the  north  and  east,  but  on  the  south, 
after  the  junction  of  the  two  streams,  the  valley  widens  and  there 
are  some  small  glacier-formed  lakes,  which  are  filling  with  peat 

On  leaving  Bort  by  train  for  Aurillao  the  line,  a  marvel  of 
engineering  skill,  winds  between  the  spurs  of  the  Gantal,  which 
the  train  crosses,  ascends,  and  descends  in  constant  succession. 
Before  reaching  the  slopes  of  the  Gantal  a  small  Garboniferous 
deposit  is  crossed,  in  which  mines  are  worked  at  Ghampagnac. 

Anrillac  is  built  on  the  banks  of  the  Jordanne,  and  on 
crossing  the  railway  to  the  south  of  the  town  the  alluvial  terraces 
of  Quaternary  age,  with  the  rounded  hills  of  mica-schist  rising 
above  them,  are  very  noticeable.  There  is  also  in  this  valley  otlier 
evidences  of  glacial  action,  and  at  Vezac  a  Quaternary  moraine 
is  prominent,  forming  waterfalls  and  rapids  in  the  small  stream. 

The  next  interesting  section  on  the  road  to  Garlat  is  an  andesitio 
conglomerate  at  Gabanes.  lliis  conglomerate  is  found  in  great 
bto(^  amongst  tuffs  and  andesitio  dust,  and  forming  a  high  hilL 
The  theory  concerning  this  deposit  is,  that  it  may  be  the  projection' 
of  what  was  the  last  effort  of  the  volcano.  From  this  hill  is  also 
seen  a  wonderful  promontory  of  basalt.     This  promontory  is  formedi 
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-ml  very  regular  oolttmne  and  overlies  a  Plioeene  river  bed,  sitaated 
some  hundred  feet  above  the  valley  of  the  GouL  The  baaalt  is 
Ibreaofaed  iu  places;  the  largest,  as  seeu  in  PI.  II,  Fig.  2,  has 
caused  the  andesitio  breooia  below  to  be  seen. 
•  After  leaviDg  Carlat  the  road  takes  a  sharp  turn  to  the  aDuth, 
and  a  section  of  oinerite,  with  loose  felspar  crystals,  is  found  near 
the  top  of  a  hill  overlain  by  ooncretionary  Miocene  sand. 

The  road  now  continues  around  the  southern  spurs  of  the  Oantal, 
whioh  presents  new  vistas  of  beauty  at  every  torn,  and  on  readhing 
Ourebourse  a  magnificent  panorama  of  the  valley  of  the  Cere  is 
•obtained.  At  a  short  distance  from  Curebourse  and  above  Yio*sar* 
iC^r^  is  the  celebrated  section  of  Mougudo  of  compact  cinerite, 
^containing  fossil  plants.  About  twenty-two  species  of  plants  haTe 
4)een  found  there,,  in  the  shape  of  leaves,  twigs,  tniniks,  and 
'wood  opal. 

The  road  now  follows  the  valley  of  the  Cere,  where  there  is  an 
4J>undanoe  of  volcanic  breccia^  mostly  capped  by  columns  of  basalt 
At  Thiezac,  near  St.  i Jacul;  is  a  noticeable  section  across  the  valley 
and  one  whibh  may  be  easily  distinguished  $t  flight  On  the  north- 
-west  side  •  the  highest  rocks  are.  of  andesite,  then  a  band  of 
porphyritio  biBisalt^  beneath  this  a  mass  of  brecoiiw  with  dykes  of 
andesite  and  labradorite. overlying  the  mica-schists.  The  formation 
>of  the  small  hill,  on  which-  stands  a  white  statue  of  tlie  Yiigin,  is 
A  dyked  breccia,  while  on  the  south-east  side  of  the  C6re  risee 
a  dome  of  trachyte  and  phonolite,  tilting  the  breccia  containing 
andesite  and  cinerite  dykes,  and  capped  by  andesite  and  Oligooene 
basalt. 

The  two  most  striking  features  now  in  the  landscape  are  the  peak 
^f  the  Puy  Grion,  a  weathered  phonolite  dyke  on  the  left,  and  the 
Plomb  du  Oantal,  the  highest  summit  in  this  region,  and  situated  on 
,the  edge  of  the  crater  ring  on  the  right  The  lateral  ravines  and 
Ihe  flanks  of  the  cirques  are  riddled  with  dykes,  as  are  also  the  clifb 
along  the  valley  of  the  Allagnon,  which  is  reached  by  the  tunnel 
of  Lioran,  three-quarters  of  a  mile  long. 

At  a  waterfall  not  far  from  Lioran  a  trachyte  called  tJie  '  roche 
4e  deutl '  is  to  be  found,  and  at  Laveissi^e,  a  short  distance  further 
on,  the  base  of  aa  ancient  volcano  may  .  be  seen  resting  on 
Oligooene  limestone.  The  Bocher  de  Bonnevie  rises  in  successive 
tiers  of:  basaltic  columns  above  the  town  of  Murat,  and  there  is  also 
a  fine  ekampte  of  oolumns,  showing  various  directions  of  contact 
cooling  in  the  hill  below  Bredon  church.  In  the  village  of  BrMon 
are  cave  dwellings,  which  were  inhabited  as  late  as  fifib^n  years  ago. 

From  Murat  a  good  excursion  can  be  made  to  the  Puy  Mary 
(PI.IIT,  Fig.  3).  The  road  leads  up  the  valley  of  the  Chevi^  tothe 
-Col  d'Entremont,  where  there  is  a  large  exposure  of  augitic  andesite, 
with  haiiyne,  which  is  used  for  tiles.  Many  of  the  speeimens  are 
good  soiinding  clinkstones.  At  this  point  Uie  road  descends  and 
•crosses  the  valley  of  the  Dienne,  which  has  its  origin  at  the  foot 
of  the  Puy  Mary,  and  is  a  good  example  of  a  glacially  and  aerially 
•denuded  valley. 
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Fig.  4. — Phonolite  Hills  in  the  Megal,  Velay. 
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The  peak  of  the  Pay  Harj  is  oapped  b/  an  Mtdeaite,  with 
^Mirphyritio  felspars  and  hornblende,  overlying  a  band  of  porphy* 
loidai  basalt,  wbtoh  is  situated  on  a  mass  <3i  bnooia ;  the  whole 
three  deposits  being  dyked  by  phonolite,  basalt,  and  andesite. 
Fnnn  the  top  of  this  Pay  a  fine  view  of  Uie  crater  of  the  Oantal 
is  obtained.  The  Gantal  mansif  was  formed  by  one  crater,  the 
remains  of  which  may  be  traced  from  the  Pay  Mary;  its  ring 
Is  eight  miles  in  diameter,  the  highest  points  being  the  Plomb 
^  Cantal,  the  Pay  Mary,  and  the  Pay  Ohavaroche.  In  the  centre 
oi  the  crater  are  serentl  cone-shaped  hills  of  phonolite,  the  Pay 
Orion  being  the  highest  These  are  weathered  dykes,  phonolite 
iMTing  the  pecaliarity  of  weathering  into  cones,  nB  will  be  observed 
^  PI.  Ill,  Fig.  4  of  the  phonolite  hills  of  the  Megal  district 

The  order  of  deposition  in  the  Gantal  region  is — Miocene  basalt, 
trachyte,  and  phonolite ;  andesitic  breccia ;  andesitic  and  phonolitio 
flows  ;  and  finally,  the  plateau  basalt 

On  leaving  the  Oantal  district  and  proceeding  by  train  to  Le  Pay, 
another  volcanic  area  may  be  studied,  that  of  Yelay.  The  chief 
fMMnta  to  be  noticed  along  the  line  are  the  union  of  Quaternary 
moraines  from  the  valleys  of  the  AUagnon  and  AUange  at 
Keossargues,  and  at  Merdogne  a  remarkable  basaltic  rock  over- 
spreading oinerites,  containing  Miocene  flora ;  at  this  point  also  the 
f^ey  oasts  off  its  glacial  character,  and  narrows  itself  between  walls 
4d  gneiss,  often  amphibolic  At  Lempdes  the  plain  of  the  Limagne 
is  reached,  but  soon  the  line  turns  to  the  south,  and  after  Arvant 
it  passes  over  some  part  of  the  Oligooene  plain  and  then  on  to  the 
f^iss  again.  At  Darsao  is  to  be  seen  a  characteristic  view  of 
the  plains  of  basalt,  with  the  scoriaceous  coaes  of  the  axis  of  the 
Yelay  chain  in  the  distance. 

The  plain  in  which  Le  Poy  is  situated  bears  striking  evidence 
^f  the  wearing  away  of  volcanoes.  In  the  centre  are  two  isolated 
recks  of  breccia,  the  Roches  Oorneille  and  Aguilhac,  surrounded 
by  Oligooene  deposits.  From  the  Roche  Oorneille  is  seen  the  plain, 
wboae  edges  rise  on  all  sides  in  terraces  and  hills,  first  of  ravined 
Oligooene  deposits,  then  of  volcanic  remains.  Over  the  hills  to  the 
floath  and  east  are  the  Mezen  and  Megal  peaks.  On  the  north, 
in  the  middle  distance,  is  a  small  volcano  which  has  been  cut  in 
felf ;  the  crater  pipe  and  outer  slopes  can  still  be  clearly  traced. 
The  hills  of  Polignao  and  Denise  are  both  of  interest  At  Denise 
the  hill  is  composed  of  a  pipe  of  scoria,  often  containing  granite,  and 
two  varieties  of  breccia,  one  of  Middle  Pliocene  age,  the  other  of 
the  age  of  Elepha$  meridionaliB :  in  the  latter  was  found  the  *  Man 
of  Denise/  but  how  he  got  there  is  still  a  vexed  question ;  his 
^deton  has  been  placed  in  the  Le  Puy  Museum. 

The  Loire  flows  along  to  the  east  of  Le  Puy,  but  in  early 
<)uatemary  times  the  principal  river  flowed  away  to  the  west 
on  the  south  of  the  town. 

The  Megal  and  Mezen  district  is  one  of  the  most  interesting 
toand  Le  Pay.  This  region  is  the  oldest  volcanic  area  of  the  Velay, 
and  iM  composed  almost  entirely  of  basalt  and  phonolite ;  indeed,  the 
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latter  is  so  abandaat  tbat  it  is  oalled  Me  pays  des  phonolites*'  and 
the  rock  gives  a  charaoteristic  appearance  to  the  landscape  (PI.  Ill, 
Eig.  A) a  Some  of  the  best  sections  for  obtaining  it  mre  at^ Lardey rolv 
specimens  'without  n^pbeline ;  at  Mont  Pidgier,:  containing  a  vast 
jqoanUty.;:at'Boussoulet.and  Montvert,.a  phonolite  rich  in  nepheline 
and  jegyrine:;'  near  Eatables  the  *rocher  d'Aigiet';  and  the  Mezen 
peak  itself  is  mainly  composed  of  this  rock. 

t  On  the  road  from  Le  Pay  to  Blavozy  are  several  excellent 
sections  bfarkose  of  Eocene  age  and  Oligocene  sandy  clays  and 
spotted  marls,  while  at  BlaVozy  itself  there  is  a  very  large  deposit 
of  arkose,  in  which  great  crystals  of  orthochise  from  the  older 
granite  appear.    At  QaeyriSres  is  found  a  good  Miocene  trachyte. 

There  are  a  few  glacial  lakes  in  this  district,  the  chief  one  being 
that  of  St.  Front,  crater-form  in  shape  and  worn  in  the  basalt 

Large  crystals  of  ortboclase  and  hornblende  can  be  picked  up 
in  the  labradorite  tuffs  of  Besseyre,  many  of  the  hornblende  crystals 
being  very  nearly  perfect  in  shape.  Between  Coubon  and  Le  Puy 
may' be  noticed  the  lava  streams  from  •  the  Mont  Jonet  of  Quaternary 
age,  overspreading  those  of  the  Garde  d'OUrs,  which  was  an  active 
volcano  in  Pliocene  times. 

-  The  geologist  may  now,  if  he  chooses,  pass  from  the  land  formed 
by  the  internal  fires  to  that  deposited  in  the  waters,  by  driving 
from  Le<  Puy  to  Mende,  a  distance  of  ninety- two  kilometres.  One 
first  traverses  igneous  and  metamorphic  rocks  as  far  as  Mont  Lozdre» 
at  which  point  the  Liassic  and  Jurassic  plateaux  are  reached,  and 
where  the  road  makes  a  rapid  descent  into  the  valley  to  Mende. 

The  rocks  to  be  noted  en  route  are  first  the  bombs  oontaining 
peridotite  found  in  a  cone  at .  Tarreyre.  Basaltic  plateaux  are 
crossed  until  one  arrives  at  Langogiie.  The  hills  on  the  west 
side  of  the  valley  of  the  Allier  are  of  porphyritic  granite;  here 
the  felspathio  crystals  of  orthoclase  are  very  large. 

From  Ohateauneuf  de  Randon  one  perceives  the  Gausses,  of 
Secondary  age,  rising  against  the  crystalline  mass  of  Mont  Loz^re. 
The  Gausses  are.  immense  undulating  barren  plateaux  of  limestone 
of  Jurassic  age.  There  are  frequent  depressions  called  '  sink-holes,^ 
and  the  whole  country  from  Mende*  to  the  Gevennes  on  the  south 
is  supposed  to  be  riddled  with  caverns;  some  with  underground 
streanis,  as  dX  Braraabiau  and  Padirao,  others,  where  there  is  an 
entire  absence  of  running  water  and  where  they  are  slowly  filling 
with  stalactitiC'materials,  as  at  Dargilan. 

Pi.  lY,  Fig.  5  is  a  view  taken  from  the  pathway  up  to  Dargilan, 
the  entrance  of  the  cave  being  at  the  top  of  the  cliffs  in  Middle 
Jurassioi  dolomitio  Hmestone  ;  the  rounded  formation  on  the  top 
of  the  precipitous  cliff  is  of  Eell away  age.  The  Gausses  are  also 
out  uprby  canons;  that  of  the  Gorge  de  Tarn  being  the  largest.  The 
river  of  i  this  gorge  is  fed  by  underground  springs,  and  its  sides 
are  weathered  out  into  pinnacles  and  buttresses. 

In  the  Dourbie  gorge,  not  far  from  Milhau,  is  Montpellier-le- 
Yieux.  llie  limestone  on  the  top  of  the  Gausse  Noir  has  been  worn 
away   either  by   weathering  or,   as   some   think,  by  undei^round 
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H.  Ai  Allen— A  South  Tf^aleB  Codl-measupe  Imedt:       ^5 

stMnufand  afterwards  aerial  denQdation.  '  Bei^  is  tbe  tnbstyonderfol 
representation  of  an  old  cit^,  with  its  tviikipiartsy  oastfes;  alnd  ballsy 
tfaeiv  are,  of  oourse,  many  fantastically  sotdptdred  rooks,  bat  th^ 
Outeaa  Crailliiurd  is  a  marvel,  of  which  only  the  eye  oan  foml 
any  idea.  :    i     :  f 

At  Eglazine,  in  tbe  Tarn  gorge,  is  a  ba^salt  flow  which  has  bait 
filled  a  denuded  volcanio  neck  of  breccia.  In  the  basalt,  which 
is  Pliocene  in  age,  are  large  crystals  of  augite  and  inclusions  of 
olivine.  Tbe  breccia  also  contains  well-developed  crystals  of  various 
minerals. 

Tbe  Tindoul  (near  Bodez)  and  Padirac  (near  Bocamadour)  caverns 
have  very  deep  holes  or  '  puits '  to  the  entrance  of  the  underground 
galleries.  The  one  at  Padirac  is  245  feet ;  the  Tindoul  is  a  little 
less  (PI.  IV,  Fig.  6). 

Tbe  Bramabiau  is  situated  near  the  east  and  west  fault  which 
brings  up  the  crystalline  rocks  of  the  Cevennes  above  those  of 
Jurassic  age.  This  fault  is  very  well  marked  by  the  configuration 
of  die  oountry,  as  to  the  north  of  it  are  the  table-like  causses,  to  (be 
south  rises  the  ja^ed  outline  of  the  Oevennes.  The  Cevennes  ar^ 
the  watershed  of  the  Mediterranean  and  tb^  ocean  rivers,  and  tb^iir 
south-east  and  north-west  slopes  present  different  aspects.  From 
Mont  Aigoual,  on  the  south  and  east,  are  seen  narrow  and  steiep 
gorges  in  endless  successions ;  the  spurs  of  the  mountains,  running 
out  in  long  rows,  give  the  appearjemce  of  waves  of  the  sea.  On  jtb'e 
north  and  west  tbe  valleys  are  broader  and  less  steep,  and  the 
mountains  have  flatter  tops. 

Mont  Aigoual  is  formed  by  a  granite  intruded  into  the  Cambrian 
sandstone,  which  has  been  metamorphosed  into  gneiss  and  scbistsi. 
The  granite  is  porphyritic,  containing  large  orthoclase  crystals, 
sometimes  four  or  five  inches  long. 

An  excursion  to  these  parts  may  be  ended  at  Bocamadour, 
a  curious  little  village  clinging  to  the  precipitous  side  of  a  oanon 
and  celebrated  during  many  centuries  for  its  pilgrimages. 

V. — On  an  Insect  prom  the  CoAL-vEi^suBEs  of  South  Wales. 
By  H.  A.  Allen,  F.G.S. 
rnHE  rarity  of  insect  remains  from  the  Carboniferous  rocks  of  the 
JL  British  Isles  is  demonstrated  by  the  small  number  of  geneva 
and  species  included  in  the  lists  published  by  such  authorities  as 
Dr.  Henry  Woodward  ^  and  Mr.  S.  H.  Scudder.'  A  portion  of  a  wing, 
with  a  neuration  unlike  that  of  any  specimen  yet  described,  having 
recently  been  exhumed,  it  may  be  deemed  not  unworthy  of  notice. 

The  specimen  was  obtained  by  Mr.  G.  Boblings  from  the  top  of 
the  four-foot  seam  in  the  Lower  Coal-measures  of  Llanbradaob 
Colliery,  Cardiff.  A  fragment  of  shale  split  into  two  pieces  exposes 
nearly  the  whole  of  a  wing  lying  al^l0st  flat ;  the  distal  portion  of 

^  Qnart.  Journ.  Geol.  Soc.,  toI.  xxxii  (1876),  p.  63.  Geol.  Mao.,  1887,  p.  49, 
PLU;  ilad.,p.433,  PLXII.  '  .    ^ 

3  Mem.  Boston  8(^.  Nat.  Hist,  rol.  iii  (1888),  i^.  213T32i. 
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Digitized  by  VjOOQ IC 


M       B.  A.  AUenr-A  Smith  Wake  Ooai-measure  Insect. 

it»  «8  far  as  the  broken  line  in  the  figure,  is  eeen  on  one  half  of  tiie 
•bflk,  and  a  litUe  more  of  the  basal  part  on  the  other.    Theb 
niing,  and  what  remains  of  the  basal  portion  has  suffered 


injury.  The  length  of  the  fragment;  measured  from  the  apex, 
is  41  mm.,  and  the  gpreatest  breadth  of  the  wing,  measured  from 
the  oostal  to  the  posterior  margin,  is  13  mm. 


ni 


VD  DL 

Wing  of  Fotiquia  eofnbrmsit,  n.sp.,  irom  the  Coal-measures  of  South  Wales,     x  2. 

The  costal  nervure  (the  vena  marginaUe  of  Heer),  numbered  I  in 
the  Ffgure,  is  marginaL 

The  snboostal  {v.  media$Una),  IT,  is  simple,  and  is  situated  about 
midway  between  the  oostal  and  the  anterior  branoh  of  the  radius. 
It  curves  gently  towards  the  oostal  margin,  and  dies  out  at  about 
12  mm.  from  the  apex  of  the  wing. 

The  radius  {v.  eeapularie).  III,  is  bifurcated  near  the  base;  its 
anterior  portion  is  simple,  curves  gently  towards  the  oostal  mai|^n, 
then  turns  rearward,  and  dies  out  near  the  apex  of  the  wing.    The 

Cterior  portion  of  the  radius  is  situated  sli^tly  in  advance  of  the 
g  axis  of  the  wing,  and  runs  nearly  in  a  straight  line  towards  the 
apex.  It  gives  off  a  bifurcated  branch  at  15  mm.,  a  simple  one  at 
10  mm.,  and  a  second  simple  branch  at  8  mm.  from  the  apex  of  the 
wing.  All  these  branches  of  the  posterior  portion  of  the  radius 
reach  the  posterior  margin  of  the  wing  near  the  apex. 

The  median  (v.  exterwhmedia),  Y,  is  forked  at  a  short  distance 
from  the  base;  the  anterior  branch  runs  parallel  with  the  radius  for 
a  distance  of  6  mm.,  and  then  divides  into  two  minor  branches, 
which  reach  the  posterior  mai^n  by  a  slight  curve.  The  posterior 
brandi  of  the  median  runs  straight  towards  the  margin,  produces 
a  few  branchlets,  and,  9  mm.  from  its  point  of  bifurcation,  sends  an 
offshoot  direct  to  the  margin ;  4  mm.  further  the  branch  bifurcates. 
AH  the  branches  of  the  m^ian  join  the  apical  half  of  the  posterior 
margin. 

The  cubitus  (v.  tniemo-w^ia),  YII,  is  directed  towards  the  middle 
of  the  posterior  margin  until  within  a  distance  of  2  mm.,  where  it 
turns  sharply  in  the  direction  of  the  apex.  A  simple  branch  is 
given  off  at  5  mm.  from  the  margin,  and  a  few  branchlets  may  be 
seen  running  out  from  the  main  branch. 

Nearer  the  base  faint  indications  of  nervures  occur  which  msy 
form  the  anal  system  (v.  ana/is),  IX,  but,  on  account  of  the  injured 
condition  of  the  wing^  their  origin  cannot  be  traced. 
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Oyer  the  areas  between  the  principal  nervures  there  is  a  delioate 
TeUoalation.  No  transverse  nervules  are  present,  ¥dth  the  exoepticm 
•of  a  few  faint  traces  in  the  costal  area.  The  specimen  assumes  the 
eolonr  of  the  shale  in  which  it  is  embedded. 

Of  the  few  wings  known  from  the  British  Carboniferous  rocks, 

thoee  of  UiikovMLniis  earhimaria,  from  the  Coal-measures  of  Scotland, 

^eaoribed  by  Dr.  H.  Woodward,^  to  a  certain  extent  resemble  our 

spedmen,  but  differ -in  the  shape  of  the  area  situated  anteriorly  to 

ihe  subcostal  nervure,  i.e.  the  costal  area,  which  in  L.  carbonaria  is 

narrow  near  the  base  and  increases  in  width  towards  the  apex, 

whilst  in  our  specimen  the  reverse  obtains.    The  difference  in  the 

ehape  of  the  wing  and  in  the  neuration  will  not  admit  of  the 

specimen  above  figured  being  referred  to  L.  earhcnaria,  H.  Woodw. 

For  corresponding  reasons  this  new  specimen  cannot  be  placed 
with  ZiihamanUs  Ooldenbergi,  Ch.  Brongn.,^  notwithstanding  the 
fact  that  the  costal  area  is  somewhat  similar  in  shape.  The  posterior 
or  branched  limb  of  the  radius  is  situated  much  further  from  the 
anterior  margin  than  in  either  of  the  two  species  of  Zithomcmtts 
fnentloned,  and  bears  fewer  branches. 

Oryllaeris  (Corydalis)  Brongniarti,  Mant.,  from  Coalbrookdale, 
differs  from  the  South  Wales  specimen  in  its  neuration,  especially  in 
the  radius,  which  bifurcates  much  nearer  the  apex  of  the  wing,  and 
also  in  the  transverse  nervules,  which  are  strongly  marked. 

In  the  simplicity  and  general  appearance  of  its  neuration  our  wing 
much  resembles  Dictyoneura  sinuosa,  Kliver,'  but  in  that  species  the 
important  subcostal  nervure  is  directed  towards  the  apex  and  does 
not  curve  towards  the  costal  margin.  M.  Kliver's  specimen  lacks 
both  base  and  apex,  and  therefore  the  above-mentioned  character  may 
perhaps  be  deceptive. 

The  genus  Fouquea,  to  which  our  specimen  may  be  referred,  is 
•described  by  Ch.  Brongniart,*  who  states  that  ''it  agrees  with 
lAikomantis  in  its  neuration,  but  differs  greatly  in  the  reticulation ; 
the  nervules  which  unite  the  nervures  are  so  numerous  that  they 
anastomose  and  form  a  veritable  network." 

The  shape  of  the  wing,  the  position  of  the  longitudinal  nervures, 
and  the  reticulation  in  our  specimen  bear  a  general  resemblance  to 
Fou^uea  Zaeraixi,  from  Commentry,  but  neither  of  the  two  species 
figured  by  C.  Brongniart^  exactly  agree  with  it,  since  in  both  of 
t^m  the  branches  running  from  the  principal  nervures  to  the 
posterior  margin  are  more  numerous.  The  cubitus  also  shows 
a  considerable  difference. 

The  specimen  differs  from  any  described  form  that  has  come  under 
my  notice,  more  especially  in  the  cubitus.  The  injury  to  the  base 
of  the  wing  is  most  unfortunate,  and  it  is  consequently  impossible 

>  Qnart  Joarn.  Geo].  Soc.,  vol.  xxxii  (1876),  p.  60,  pi.  ix,  fig.  1. 
'  Beeh.  Insects  Fossiles,  pi.  xxxvii,  figs.  1,  2. 

>  Palaeont^rapbica,  Bd.  xxix  (1883),  p.  260,  t.  ii,  fig.  4. 

*  ''Beeh.  Inaectes  fossiles  des  Temps  prim.,"  p.  872  ;  St.  Etiennc,  1893. 
"*  Op.  cit.,  pi.  xxxT,  figs.  10,  11. 
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to  trade  any  of  the  priooipal  nervures  to  their  Bouroe,  bat  the  wing; 
is  otherwise  in  a  good  state  of  preservation. 

It  will  be  plaoed,  provisionally,  in  the  genus  Fouquea,  Ch.  Brongn.*, 
and,  in  order  to  note  the  principality  in  which  the  wing  was  found, 
I  propose  the  name  Fouquea  cambrensis. 

The  specimen  has  been  presented  to  the  Qeological  Sunrej 
Museum,  London,  by  Mr.  Boblings. 

VI. — Kkcknt  Denudation  in  Nant  Fframoon,  Nobth  Walks. 
By  Edwabd  Gbbbklt,  F.G.S. 

READERS  of  this  Magazine  may  remember  that  early  last 
f  August  there  were  descriptions  in  many  pi-ovincial  and  even 
in  some  London  newspapers  of  an  extensive  '  landslip,'  which  had 
occurred  on  the  side  of  the  mountain  called  Carnedd  Dafydd,  on 
the  eastern  side  of  the  valley  of  Ij^ant  Ffrancon,  in  North  Wales. 
The  impression  conveyed  was  perhaps  somewhat  exaggerated,  and 
yet  the  phenomenon  was  on  a  scale  quite  large  enough  to  be  of 
geological  importance. 

In  a  brief  but  vividly  written  article  in  the  Geological  Magazine 
for  January,  1900,  my  friend  Mr.  J.  R.  Dakyns  described  a  number 
of  cases  of  denudation  on  an  important  scale  that  had  come  under 
his  observation.  It  may  be  well,  therefore,  in  the  same  way,  and 
under  a  similar  title,  to  preserve  a  record  of  this  landslip.  There 
was  almost  incessant  rain  from  the  5th  to  the  10th  of  August,  with 
streams  all  in  heavy  spate  and  floods  in  many  districts,  and  on 
August  6th  (I  believe)  at  about  4  p.m.  two  torrents  broke  out  on  the 
side  of  Carnedd  Dafydd,  carrying  with  them  a  great  deal  of  debris, 
and  blocking  the  road  in  the  valley  for  many  yards.  The  spot  is 
on  the  eastern  side  of  the  valley,  nearly  opposite  the  house  called 
Pentre,  shown  on  the  Geological  Survey  and  old  Ordnance  Maps. 

The  mountain  side  here  is  composed  of  the  Bala  volcanic  series, 
alternations  of  various  igneous  rocks  with  hard  grits,  resting,  with 
a  south-easterly  dip,  upon  a  thick  mass  of  softer  and  rather  homo- 
geneous black  slates.  The  volcanic  series  form  a  great  range  of 
crags  along  the  brow  of  the  mountain  some  hundreds  of  feet  in 
height,  cut  into  huge  buttresses  and  deep  recesses,  while  the  dark 
slates  give  rise  to  long  uniform  steep  slopes  extending  from  the 
foot  of  these  crags  to  the  bottom  of  the  valley,  and  along  them 
the  road  is  carried  at  a  height  at  this  point  of  about  200  feet  above 
the  alluvial  plain.  These  slopes  are  covered  with  great  sheets  of 
scree,  resting  upon  loose  glacial  debris,  which,  though  rising  here 
and  there  into  moraine-like  mounds,  have  for  the  most  part,  and  at 
the  point  where  the  landslip  occurred,  a  pretty  uniform  slope. 

As  we  pass  up  the  valley  from  the  north  we  see  nothing  but  two 
streams  of  stones,  grey  and  fresh-looking,  near  the  road.  They  do  not 
extend  far  up  the  slopes,  and  appear,  indeed,  rather  insignificant ;  but 
this  is  due  to  the  great  depth  of  the  valley,  and  when  we  arrive  at 
the  place  where  they  cross  the  road  they  are  much  more  imposing 
in  appearance.  From  this  point  we  see  that  they  are  fans  of  debris 
spread  out  at  the  ends  of  two  long  channels,  which,  light  grey  and 
evidently  quite  newly  cut,  are  conspicuous  features  all  down  the 
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^opes  from  the  foot  of  the  orags.  The  northern  onei  oan  be  trac^ 
Dy  the  eye  a  little  way  np  into  the  crags  themselves,  but  from  below 
we  cannot  tell  whether  the  two  channels,  whiph  disappear  behind 
a  great  rocky  battress/have  or  have  not  a  common  origin. 
.  *  The  northern  stream  of  debris  crossed  the  road,  broke  dowb  iiie 
wall^  and  poured  over  on  the  other  side  a  fan  or  cone  of  great  stones' 
all  the  way  down  to  the  alluvial  plain,  while  the  finer  material  was  • 
spread  ont  upon  the  alluvium  itself,  and  some  even  reached  as  far 
as  the  river  Ogwen.  This  fan  is  about  58  yards  wide  at  the  road, 
and  b^ns  a  considerable  distance  above  it,  the  angle  at  its  top 
being  a  moderate  one. 

Some  of  the  debris  is  very  coarse.  I  measured  one  block  of 
ielsite  12  x  6  X  4  feet,  standing  on  its  narrow  side,  a  little  way 
above  the  road.  How  far  this  had  been  carried  by  the  torrent,  I  do: 
not  know ;  it  may  have  been  embedded  in  the  drift  before,  but  from 
1^  position  on  the  fan  it  must  have  travelled  a  good  many  yards. 

llie  southern  stream  crosses  the  road  about  175  yards  further  on,. 
and  is  about  33  yards  wide  at  that  place.  It  is  more  conspicudus 
in  the  distance  than  the  other,  and  the  amount  of  material  at  the 
load  is  very  great,  but  it  does  not  go  so  far  down  into  the  valley,  the 
debris  stopping  on  the  steep  slopes  and  not  reaching  the  alluvium. 

Above  these  fans  the  work  has  been  wholly  erosive.  At  the  head 
of  the  northern  one  the  channel  cut  in  the  drift  and  scree  seemed  to 
me  to  be  more  than  20  feet  deep,  and  I  think  that  it  was  cut  down 
to  the  solid  slate  here  and  there.  On  the  steep  rocky  slopes  at 
the  crag's  foot  the  gully  had  been  swept  very  clean  and  white. 
Whether  the  erosive  work  affected  solid  rock  as  well  as  drift, 
I  cannot  tell.  I  saw  no  sign  of  a  rock-fall  in  the  crags,  and  to 
aaoertain  whether  there  was  any  it  would  be  necessary  to  go  some 
way  np  into  the  gully.  The  material  of  the  fan,  however,  did  not 
seem  to  me  quite  angular  enough  to  suggest  any  great  fall  of  solid 
rock,  considering  the  short  distance  of  transport 

Whether  this  be  so  or  not,  it  is  dear  that  torrential  denudation, 
the  work  of  only  one  afternoon,  and  probably  of  a  very  short  time 
in  that  afternoon,  has  cut  channels  through  20  feet  or  more  of  drift 
and  soree  on  the  mountain  side,  moved  blocks  of  felsite  of  as  much 
as  288  cubic  feet,  and  spread  out  fans  of  stones  and  debris  a  quarter 
of  a  mfle  in  length. 

The  fans  and  channel  wotdd  be  well  worth  being  photographed. 
In  the  TFmcbor  Magazine  of  November  last  there  is  an  account  of 
a  disaster  near  Driffield  in  the  Chalk  wolds  of  Yorkshire^  said  to 
have  been  caused  by  a  '  waterspout.*  The  article  is  illustrated  by 
photographs,  not  only  of  damage  to  buildings,  but  of  channels  and 
fiuis  of  debris  very  like  these ;  and  the  point  of  origin  is  there  quite 
dear.    These  views,  indeed,  are  of  considerable  geological  interest 

In  view  of  the  great  importance  of  the  subject  of  denudation,  it 
really  seems  a  pity  that  instead  of  occasional  papers,  there  should 
not  be  some  kind  of  regular  organization  for  collecting  and  recording 
descriptions  of  what  is  actually  going  on  at  the  present  time. 
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TIL — Alleged  Prints  of  Eohinodebhs  in  Tbiassio  Reptilifsbou^ 

Sandstones. 

By  F.  A.  Bathbr,  M.A.,  D.Sc.,  F.G.B. 

IN  tbe  GiOLooioAL  Magazine  for  January,  1901  (n.8.»  Dea  IV, 
VoL  YIII,  pp.  3,  4),  Professor  Barokhardt  describes  oertam 
markings  in  the  sandstone  matrix  of  specimens  of  Hyperodapedtm 
and  Rhyneho$auru8  in  the  British  Museam,  from  Elgin,  Shropshire, 
and  Warwickshire  (the  last,  however,  not  being,  as  implied  by 
the  legend  to  the  figure,  represented  in  the  Museum).  He- 
believes  that  these  are  hollow  imprints  ''left  by  Eehinoderms  of 
a  Euryalid  shape,  having  peripheral  arms,  either  simple  or  forked,'* 
but  he  appeals  to  specialists  to  decide  to  which  group  of  Eehinoderms 
they  are  due.  Since  these  marks  are  said  to  be  exceedingly  numerous, 
and  since  Dr.  Burckhardt  uses  them  as  evidence  of  contemporaneity, 
I  thought  it  my  duty,  as  the  specialist  nearest  at  hand,  to  examine 
these  statements  without  delay. 

Any  student  of  Eehinoderms  would  probably  gather  ^m  Professor 
Burokhardt's  description  that  the  impressions  were  those  of  Penta- 
orinid  columnals,  with  a  pentagoniu  lumen,  and  with  occasional 
cirri.  The  outlines  drawn  by  'Dr.  Burckhardt  do  not  really  agree^ 
with  that  of  the  disc  of  a  Euryalid  ophiuran,  nor  does  the  paucity 
of  alleged  arm-structures  confirm  that  suggestion.  The  asserted 
abundance  of  the  pentagons  also  favours  the  idea  that  they  are  due^ 
to  Crinoid  columnals,  for  many  sandstones  filled  with  imprints  of 
those  structures  are  Imown  from  all  parts  of  the  world  and  all  ages,, 
including  the  Trias.  The  only  difficulty  that  a  reader  would  find 
in  accepting  this  conclusion  would  be,  that  these  immensely 
numerous  and  by  no  means  minute  appearances  have  escaped  the 
notice  of  all  the  eminent  geologists  and  palteontologists  who  have 
devoted  to  these  sandstones  the  most  anxious  and  pertinacious- 
scrutiny. 

Examination  of  the  actual  specimens,  in  which  I  received  the  kind 
help  of  Dr.  A.  Smith  Woodward,  has  led  to  very  different  results. 
In  common  with  those  of  my  colleagues  whom  Professor  Burckhardt 
endeaToured  to  convince,  I  am  absolutely  unable  to  distinguish  the 
appearances  described  and  drawn  by  him.  Anyone  that  looks  long^ 
enough  at  a  rough  sandstone  surface  can  make  out  as  many  patterns 
as  there  are  faces  in  the  fire.  But  a  scientific  question  is  not  to 
be  decided  by  the  vote  of  a  majority,  and  the  fact  that  we  cannot 
see  may  only  show  that  our  senses  are  deficient  Fortnnatdy  there 
is  other  evidence. 

Professor  Burckhardt  himself  adduces  the  "  hollows  left  by  Elgtii 
reptiles  "  in  favour  of  his  interpretation.  But  these  hollows  are  all 
quite  smooth  and  are  iron-stained  darker  than  the  matrix,  in  these 
respects  resembling  the  hollows  left  by  Echinoderm  fragments  in 
many  another  sandstone.  Moreover,  the  fractured  rook  surfaces  of 
the  0rHtsh  Museum  speoimens  under  discussion  do  show  imprints 
in  places,  whether  of  dermal  armour  and  scales,  or  abdominal  ribs, 
or  perhaps  fragments  of  some  other  creatures ;  and  all  the  markings 
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olMHrfy  Teoognizable  as  of  organio  origin  have  a  smoofch  snrfaoe. 
Bat  wlmeiper  or  whatever  the  markings  perceived  by  Dr.  Biirokhardt 
maj  be,  their  whole  aurfaoe  is  admittedly  rough  with  **  the  coarse 
grains  of  the  sand/*  and  they  show  no  distinctive  oolonr. 

^  In  siae  *'  these  impressions  are  said  by  Professor  Bnrokhardt  to 
'^'wy  between  3  mm.  and  3om.  in  diameter.*'  Now  Eofainodena 
plates  or  tests  of  this  area  must  have  had  an  appreciable  thioknesa;, 
and  tiiis  thiokness  would  be  manifest  in  their  hollow  casts,  since  the 
rook  has  undergone  no  extraordinary  pressure.  Therefore  the  spaoes 
ahoald  be  visible  in  section  wherever  the  ruck  is  broken  at  a  sharp 
angle.  But  Dr.  Burokhardt,  who  had  a  piece  of  the  matrix  specially 
diipped  off  for  examination,  will  doubtless  admit  that  such  is  not 
the  case. 

If  the  matrix  did  contain  impressions  or  moulds  of  Eohinoderm 
objects  of  the  nature  described  by  Profestior  Burckhardt,  one  would 
certainly  expect  to  find  them  lying  roughly  parallel  to  the  plane  of 
stratification,  and  we  are  indeed  told  that  these  bodies  are  "all  of 
them  lying  in  the  same  plane  as  the  skeleton  of  Uyperodtipedon.*^ 
Bnt  the  skeleton  in  question  is  a  large,  irregular  object,  and  the 
ezpoaed  surfaces  along  which  the  matrix  has  been  fractured  are  not 
in  any  one  plane,  but  lie  at  various  angles.  There  is  no  trace  of 
lamination,  and  if  any  objects  ever  did  lie  on  the  rough  fracture- 
mrfaoeSy  they  must  have  been  deposited  in  most  irregular  fatthion, 
and  the  sandy  floor  of  the  Triassic  lagoon  in  which  these  reptile 
skeletons  lay  undisturbed  must  have  been  unlike  any  sea-bed  before 
or  since.  But  it  is  well  known  that  th»  Elgin  sandstones  are  quite 
objectionably  like  dozens  of  other  sandstones,  and  one  cannot  doubt 
that  were  Professor  Burckhardt  to  pursue  the  geological  studies  he 
finds  so  attractive,  he  wuuld  discover  equally  clear  or  equally  obscure 
appearances,  in  many  rocks  besides  those  *'  fragments  from  the  Maleri 
deposits  in  India." 

We  oondude,  then,  that  the  phenomena  described  by  the  learned 
professor  are  mainly  subjective,  such  oltjective  basis  as  they  possess 
being  furnished  solely  by  the  mechanical  arrangement  of  sand-grains 
and  the  natural  irregularity  of  a  broken  surface. 

VIIL— OW  THB   PXOTOBAL   FiN  OF    C<BLACANTHU3. 
By  EooAs  D.  WBLLBtrRir,  L.R.C.P.,  F.O.S.,  F.B.I.P.H.,  etc. 

AMONa  the  fossil  fishes  of  the  Talbragar  Beds  (Jurassic?) 
described  by  Dr.  A.  Smith  Woodward  in  a  memoir  of  the 
Oeolc^oal  Survey  of  New  South  Wales  (1895),  there  is  the  ventral 
portion  of  the  abdominal  region  of  a  Coelacanth  fish,  having  one  of 
tfie  pectoral  fins  well  shown.  The  fin  is  shown  in  counterpart,  and 
is  thns  described : — "  It  exhibits,  as  usual,  the  characteristic  obtuse 
lobation  and  the  large  fringe  of  articulated  attenuated  dermal  rays, 
and  is  oniqoe  in  displaying  some  of  the  endoskeletal  supporting 
bonea.  These  elements  seem  to  have  been  well  ossified,  thongb 
with  persistent  cartilage  internally.  At  the  base  of  tiie  fin  there 
cocors  a  broken  fragment  of  bone '  incapable  of  determination ;  bat 
^  Kj  q^ecimen  would  point  to  the  fact  that  (his  is  a  fragment  of  the  clayicle. 
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uv  Ibe.Ipbe  of  .the.fin  itfielf  th^re  is  i^  series  of  fomr  welUdcffinedt 
jboarglass-shaped  sapports.  Of  the^e  lH>pe9  the  anterior  three  are 
fiiQph  etopgpa^ed,  and  yearly  equally:  slender,  while  the  fourth  is 
raiabh  more  robust  and  expanded  at  its  distal  end.  The  four  elements 
fadiate  from  the  anterior  half  of  the  base  of  the  fin;  and  it  seems 
very  probable  that  some  smaller  partilage  behind  and  near  the  distal 
tx)Her  of  the  lobe  have  disappeared  from  lack  of  ossification.  The 
Sn-rays  gradually  increase  in  length  from  the  anterior  border  to  the 
middle  of  the  lobe»  whence  they  decrease  again  backwards,  aad 
^nally  become  extremely  delicate." 

In  my  collection  there  is  a  specimen  of  CkdacanihuB  UngleyeMU, 
Davis,  from  the  Gannel  Coal,  Middle  Coal-measures,  Tingley,  York- 
shire, crushed  vertically,  which  exhibits  the  pectoral  fins,  and  one, 
the  left,  shows  characters  very  similar  to  those  given  by  Dr.  Smith 
Woodward.  The  clavicle  is  well  shown  and  springing  ^m  a  point 
about  its  centre ;  and  opposite  to  the  process  which  is  nsually  seen 
on  these  bones  there  are  six  basal  supports,  of  which  the  anterior 
four  are  elongated  and  more  or  less  uniform  in  thickness,  the 
fifth  is  more  nearly  hourglass-shaped,  and  the  sixth  (fourth  of 
Dr.  Woodward  ?)  is  more  robust  and  widely  expanded  distally.  No 
supports  are  seen  posteriorly  to  the  sixth,  but  as  the  dermal  rays 
extend  some  distance  behind  this  point,  and  as  the  lobe  of  the  fin 
has  here  sufiered  somewhat  from  crushing,  it  seems  highly  probable 
that  there  were  two,  if  not  three,  supports  posterior  to  the  sixth,  but 
that  they  have  in  the  specimen  been  destroyed  during  fossilisation. 
At  their  distal  extremities  each  support  is  opposed  to  two  or  more 
of  the  dermal  rays,  which,  as  pointed  out  by  Dr.  Woodward, 
."increase  in  length  from  the  anterior  border  to  the  middle  of  the 
)obe,  whence  they  decrease  backwards,  and  finally  become  extremely 
fine."    All  the  rays  are  closely  articulated  distally. 

From  the  above  it  will  at  once  be  seen,  as  pointed  out  by 
Dr.  Woodward,  that  the  pectoral  fin  of  CoBlaeanthus  is  a  striking 
contrast  to  that  of  the  existing  Crossopterygian  Polypiemif  the 
hasalia  more  closely  approaching  that  of  the  ActinopterygiL 

ITOTICES    OIF    IMIESIMIOIRS. 


L — Tdb  Movbmbmts  of  Undbroboumd  Watbbs  of  Oiuvbm.^ — 
First  Eeport  of  the  Committee,  consisting  of  Professor  W.  W. 
Watts  (Chairman),  Mr.  A.  fi.  Dwkrrtbousv  (Secretary),  Pro- 
fessor A.  Smithblls,  Bev.  E.  Jombs,  Mr.  Waltbb  Morrison, 
M.P.,  Mr.  G.  Brat,  Eev.  W.  Lowbr  Cartbr,  Mr.  W.  Fairi.bt, 
Mr.  P.  F.  Kbndall,  and  Mr.  J.  E.  Marr.  (Drawn  up  by  the 
Secretary.) 

THE  Committee  is  carrying  out  the  investigation  in  conjunction 
^  with  a  Committee  of  the  Yorkshire  Qeological  and  Polytechnic 
Society.  The  present  is  merely  an  interim  report,  as  the  work  is 
still  pn  progress. 

'■'Head  before  the  Biitish  Assooiafion,  Section  G  (Geology),  Bradford,  Se^i,  1900. 
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'  It  was  dedded  that  t^e  first  piece  of  work  sHould  consist  of  an 
ioYtetigation  of  the  andergroand  flow  of  water  ih  Ingleborough^ 
This  bill  forms  with  its  neighbonr,  Simon's  Fell,  a  detached  massif^ 
which  is  peonliarly  saitable  for  investigations  of  this  nature.  The 
somthit  of  thd  groap  is  formed  of  Millstone  Grit,  then  follow 
Toredale  Shales  and  Sandstones,  the  whole  resting  on  a  platean  of 
Carboniferous  Limestone.  Many  streams  rise  on  the  upper  slopes 
of  the  hills  and  flow  over  the  Toredales,  but  without  exception  their 
iNraters  are  swallowed  directly  they  pass  on  to  the  Carboniferous 
Limestone,  to  reappear  as  springs  in  the  valleys  which  trench  the 
plateau. 

The  Committee  first  turned  its  attention  to  tracing  the  water 
which  flows  into  Gaping  Ghyll  hole.  It  was  generally  believed 
that  the  water  issued  at  a  large  spring  immediately  above  the  bridge 
at  Clapham  Beck  Head  and  immediately  below  the  entrance  to 
Ingleborongh  Cavern.  On  April  28  specimens  of  the  water  fram 
this  spring  were  taken  for  analysis  before  the  introduction  of  any 
test»  Two  cwt  of  ammonium  sulphate  was  then  put  into  the  water 
flowing  into  Gaping  Ghyll,  and  at  the  same  time  the  amount  of  the 
water  was  gauged  and  found  to  be  equivalent  to  251,856  gallons 
per  diem.  A  few  hours  later  a  second  quantity  of  2  cwt.  of  the  same 
substance  was  introduced.  On  the  same  day  1^  lb.  of  fluorescein  in 
alkaline  solution  was  put  into  a  pot-hole  known  as  Long  Kin  East, 
aboat  1,300  yards  north-east  of  Gaping  Ghyll. 

In  view  of  the  important  influence  which  the  direction  of  the 
jotnts  in  the  limestone  had  been  found  to  exercise  over  the  flow  of 
underground  water,^  the  direction  of  the  joints  in  the  limestone 
elints  in  the  neighbourhood  of  Long  Kin  East  was  taken,  and  was 
foond  to  be  N.N.W.  to  S.S.E.,  and  to  run  in  such  a  direction  as  to 
lead  to  the  probability  that  the  water  would  reappear  at  the  springs 
at  the  bead  of  Austwick  Beck,  and  these  were  consequently  watched. 

The  ammonium  sulphate  put  in  at  Gaping  Ghyll  reappeared  at 
the  large  spring  at  Clapham  Beck  Head  on  the  morning  of  May  3, 
and  continued  to  flow  until  the  evening  of  May  6,  when  the  water 
sigtda  became  normal.  Thus  the  time  occupied  by  the  ammonium 
solphate  in  travelling  from  Gaping  Ghyll  to  Clapham  Beck  Head, 
a  distance  of  one  mile,  was  about  five  days.  No  ammonium  sulphate 
was  found  in  any  of  the  other  springs  in  Clapdale.  This  result 
proved  beyond  doubt  that  Gaping  Ghyll  was  connected  with  Clapham 
Beck  Head. 

The  flnorescein  put  in  at  Long  Ein  East  showed  itself  at  Austwick 
Beck  Head,  but  not  at  any  of  the  neighbouring  springs,  on  May  11, 
having  taken  over  thirteen  days  to  travel,  the  delay  being  probably 
doe  to  the  small  amount  of  water  flowing  at  the  time  of  the 
ei^riments. 

These  results  are  of  considerable  importance,  as  they  definitely 
reveal  two  lines  of  divergent  movement  of  these  underground 
waters^  and  indicate  a  subterranean  watershed  of  much  interest. 

•    '  Set  pferions  investigatioiis  of  the  Yorks.  Geol.  and  Polyt.  Soo.  Oommittoe. 
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The  infloenoe  of  the  master-jointa  of  the  Oarboniferoos  limestaie- 
in  determming  the  direction  of  flow  of  these  nndeigroiiiid  wtero 
was  also,  as  at  Halham,  dearly  shown. 

The  next  set  of  experiments  was  carried  oat  by  the  joint  Coai-* 
mittee  on  June  8  and  following  days. 

In  order  to  confirm  the  results  in  connection  with  the  Oapiag' 
Ghyll  to  Olapham  Beck  Head  flow,  and  further  to  ascertain  more 
definitely  if  there  existed  any  connection  between  Gaping  Ghyll 
and  the  smaller  springs  in  Clapdale,  10  owt.  of  common  salt  was 
put  into  the  waters  of  Gaping  Ghyll  on  June  4,  and  a  farther  10  owt. 
on  June  5,  samples  of  the  water  from  each  of  the  springs  being 
taken  several  times  a  day  until  June  25. 

One  pound  of  fluorescein  in  alkaline  solution  was  introdaced  into 
the  stream  flowing  through  Ingleborough  Cave  on  June  8  at  10  p.m.^ 
at  the  point  where  the  water  plunges  down  a  hole  in  the  floor  of  the 
cave,  and  marked  *  Abyss*  in  the  6-inch  Ordnance  map.  Five  owt 
of  ammonium  sulphate  was  introduced  into  a  sink  on  the  allotment, 
about  500  yards  north-east  of  Long  Kin  East,  on  June  9,  at  3  p.m. ; 
and  at  3*15  p.m.  on  the  same  day  1  lb.  of  fluorescein  in  alkslioe 
solution  was  poured  into  the  stream  which  flows  past  the  shooting* 
box  on  the  allotment  and  sinks  near  the  Bench  Mark  1320*1. 

The  fluorescein  introduced  into  the  abyss  came  out  of  Claphank 
Beck  Head,  and  possibly  at  Hoses  Well  and  other  springs  in 
Clapdale,  but  this  point  requires  further  investigation,  the  evidence^ 
being  as  yet  somewhat  misatisfaotory.  The  salt  from  Gaping  Ghyll 
appeared  at  Clapham  Beck  Head  on  June  15, 16, 17, 18,  19,  20,  and 
21,  being  at  its  maximum  on  June  18,  but  not  at  any  of  tiie  other 
springs. 

The  ammonium  sulphate  put  into  the  sink  on  the  allotment 
appeared  at  Austwick  Beck  Head  on  June  22,  the  other  sprii^  ii» 
the  neighbourhood  being  unaffected  on  that  day ;  but  on  the  24tb 
and  25th  there  were  slight  increases  in  the  amount  of  ammonia  in 
two  small  springs  in  Clapdale,  viz.,  the  small  spring  below  Clapdale 
Farm  and  Cat  Hole  Sike.  As  one  of  these  streams  is  close  to  th& 
farmyard,  and  the  other  was  at  the  time  nearly  dry  and  flowing^ 
through  pasture  land,  no  importance  is  attached  to  these  slight 
increases.  Of  the  fluorescein  put  in  below  the  shooting-box  no 
trace  has  since  been  found,  and  the  same  is  the  case  with  \  Ibw  of 
methylene  blue  introduced  into  Grey  Wife  Sike,  above  Newby  Cote^ 

Several  most  interesting  problems  still  await  solution  in  this  arear 
one  of  them  being  the  relations  of  the  Silurian  floor  which  underltea 
the  Carboniferous  Limestone  of  the  plateau  to  the  flow  of  under- 
ground water.  The  two  sinks  Gaping  Ghyll  and  Long  Ein  East 
are  only  about  1,300  yards  apart,  and  yet  the  waters  of  Uie  one  lake 
a  direction  quite  distinct  from  those  of  the  other,  and  eventoally 
emeige  in  a  separate  valley,  the  distance  between  the  springs  being 
1^  miles  apart,  the  great  mass  of  Carboniferous  Limestone  known  aa 
Berber,  a  hill  upwards  of  1,300  feet  in  height,  lying  between  the 
two.  valleys.    In  Crummack  Dale  it  is  seen  Uiat  the  Silnrian  Books 
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fMriB  a  ridge  nrnning  in  an  approximately  nortli-weBi  and  aoti^-eaii 
direotioo,  and  anconformably  overlain  by  the  Carboniferous  Lime- 
stone.  If  this  line  be  oontinaed  it  separates  the  Gaping  Qhyll  U> 
Oapham  Book  Head  flow  from  that  of  Long  Ein  East  to  Aostwiok 
Beck  Head.  Thus  it  appears  that  this  ridge  of  Silurian  rocks  form» 
an  underground  water-parting,  which  the  Committee  hopes  to  be 
aMe  to  traoe  for  a  oonsiderable  distance  across  the  area. 

The  magnitude  of  this  undertaking  will  be  to  some  extent  realized 
wlien  it  is  stated  that  upwards  of  ^K)  samples  of  water  have^  been 
tested  for  common  salt,  ammonium,  and  fluorescein,  making  in  all 
npwards  of  1,200  tests.  The  whole  of  the  grant  of  £40  has  been 
q>ent  upon  the  investigation,  and  a  small  sum  in  addition.  The 
experiments  which  have  been  carried  out  have  indicated  which  are 
the  most  suitable  reagents  for  use  in  difierent  cases,  and  it  » 
eonsequently  hoped  that  future  investigations  will  be  carried  out 
at  rather  less  cost  than  has  been  the  case  up  to  the  present  The 
Committee  ask  to  be  reappointed,  with  a  grant  of  £60. 

IL— Th«  Undbbgrotod  Waters  op  North-Wbst  Yorkshire.* 
By  Rev.  W.  Lower  Carter,  M.A.,  F.G  S.,  Hon.  Sec.  Under- 
ground Waters  Committee,  Yorkshire  Qeological  and  Poly teohnio 
Society. 

Pari  J.    The  Sources  of  the  Aire. 

r[E  Silurian  and  Carboniferous  rocks  between  Malham  Tarn  and 
Malham  are  traversed  by  two  branches  of  the  Craven  Fault  with 
the  downthrow  to  the  south.  Malham  Tarn  lies  on  Silurian,  and 
its  overflow  sinks  in  the  limestone  directly  the  northern  fault  is 
oroesed.  The  drainage  of  the  area  to  the  west  of  the  Tarn 
disappears  at  the  Smelt  Mill  Sink.  The  drainage  of  the  area  east  of 
the  Tarn  is  carried  off  by  Gordale  Beck,  along  the  course  of  which 
some  water  sinks  into  the  jointed  limestone.  To  these  three  sinks 
correspond  three  principal  outlets,  the  stream  at  Malham  Cove^ 
Aire  Head  Springs,  and  the  springs  at  the  bottom  of  (Gordale. 

The  history  of  previous  investigations  is  then  given.  From  the 
eestre  of  Malham  Cove  a  dry  limestone  gorge  runs  in  a  northerly 
direotaoa  to  the  Tarn.  Up  to  the  beginning  of  this  century  flood- 
waters  were  known  to  traverse  this  valley  and  discharge  over  the 
Cove.  There  are  several  sinks  along  the  line  of  this  dry  valley. 
Now  all  the  overflow  is  taken  by  three  sinks  south  of  the  Tarn. 

Various  efforts  have  been  made  to  trace  the  connection  between 
the  ahiks  and  outlets.  Flushes  of  water  from  the  Tarn  have  been 
shown  to  affeot  Aire  Head  before  Malham  Cove.  Experiments  by 
introducing  chafi^  bran,  magenta,  and  uranin  into  the  sinks  failed  ta 
show  any  traoes  at  the  outlets. 

The  present  investigation  was  carried  out  during  1899,  by  % 
OboMBittee  of  Engineers,  Chemists,  and  Ceok>gists,  appointed  by 
the  Yorkshire  Geological  and  Polytechnic  Society^  .  Flashes  of 
water  were  sent  down  from  the  Tarn  to  the  Tarn  Water  Sinks. 

I  B«ad  before  the  BritiBh  Association,  Section  G  (Geology},  Bradford  8e^,  190IC 
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Aire  Head'  Springs  tesponded  in  two  hoar$;    WiUi  lai^  floehee 
a  risein  Malham  Beok  was  iftlso  obseryed. 
<  i The  obemioal  investigations  were  as  follows: — 
'  Ammonium  sulphate  was  put  in  below  the  Malham  Tarn  Slaioe 
on  June  22,  and  appeared  at  Aire  Head  from  July  4  to  11.    Distinot 
Iraoes  were  also  found  at  Malham  Cove  on  the  same  dates. 

Common  salt  and  flnoresoein,  put  in  at  the  Smelt  Mill  Sink  between 
June  22  and  28,  appeared  at  Malham  Cove  from  July  4  to  11. 
!   Fluorescein,  put  in  at  Tranlands  Beck  on  June  22,  appeared  at 
Scalegill  Mill  on  June  23. 

•  Ammonium  sulphate,  put  into  upper  Gk)rdale  Beck  on  August  26^ 
appeared  at  the  springs  below  Gordale  Scar  on  September  7. 
:   Common  salt,  put  into  Cawden  <  Burst '  on  September  18,  appeared 
at  Mire's  Barn  from  September  23  to  27. 

Fluorescein  put  into  the  bottom  of  Grey  Gill  Cave  was  not  traoed. 

A  geological  investigation  of  the  area  showed  that  the  limestone 
is  traversed  by  two  sets  of  prominent  joints,  of  which  the  master- 
joints,  which  run  ia  Ji  north-west  to  south-east  direction,  are  very 
well  developed.  These  master-joints  are  found  to  largely  determine 
the  flow  of  the  underground  waters.  The  direction  of  these  master- 
joints  vnites  the  Smelt  Mill  Sinks  and  Malham  Cove  directly,  and 
that  may  be  taken  as  the  direction  of  flow.  A  parallel  line  from 
Malham  Tarn  Sinks  would  bring  the  water  from  them  to  Grey  Gill, 
a  dry  valley  in  the  escarpment  to  the  east  of  Malham  Cove.  No 
evidences  of  moving  water  were  found  there. 

To  the  south  of  the  Mid-Craven  Fault  the  jointing  of  the  lime- 
stone is  found  to  be  variable;  but  prominent  joints  were  found 
bearing  in  a  north-east  and  south-west  direction.  If  the  Tarn  water 
followed  these  joints  on  crossing  the  fault  it  would  traverse  a 
direction  almost  at  right  angles  to  its  previous  course,  and  following 
the  limestone  in  its  bend  underneath  a  synclinal  of  Toredale  shale, 
would  be  likely  to  reappear  at  Aire  Head  Springs,  which  is  the 
nearest  point  for  re-emergence  on  the  southern  side  of  the  anticlinal. 

The  master-joints  north  of  the  Mid-Craven  Fault  would  similarly 
•carry  the  water  which  sinks  into  the  bed  of  Gk>rdale  Beck  south- 
•eastward  into  the  limestone,  and  if,  as  it  nears  the  fault,  it  followed 
a  set  of  joints  running  at  right  angles  to  the  previous  set,  it  would 
come  out  at  the  springs  at  the  foot  of  Gordale  Scar,  whidi  was 
found  to  be  the  case  by  the  chemical  tests.  Gordale  itself  turns  in 
this  direction  from  some  cause. 

The  conclusions  of  the  Committee  are : — 

1.  That  Malham  Cove  Spring  discharges  the  water  from  Smelt 
Mill  Sink  and  the  limestone  area  west  of  the  dry  valley ;  and  nnder 
certain  conditions  some  of  the  Tarn  water. 

2.  That  Aire  Head  Springs  discharge  the  main  portion  of  the 
water  disappearing  down  Malham  Tarn  Water  Sinks. 

3.  That  Gordale  Beck  Springs  discharge  the  water  sinking  in 
Upper  Gordale. 

4.  That  chemicals  put  into  Cawden  *  Burst '  appeared  at 
Mire's  Bam. 
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i;/  ^l^t  'f  ra'nlailds  Beok  Siokd  discbarge  at  Scalegiil  'Mill. 
6.  The  inveetigatioiia  show  that  within  tbe'ai^a  the  main  direction 
of  ondergroond  flo^  is  along  the  mastet-joints  of  the  limestone. 

IIL  —  The   Gavbs   And    Pot-'holes  op  Ingleborough   and  the 

DlSTBIOT.*    ■  By   S.   W.  CUTTEISS. 

rB  portion  of  Yorkshire  to  which  this  paper  refers  is  contained 
in  Sheets  49,  50,  and  60  (New  Series)  of  the  1-inch  Ordnance 
Sarvey*  The  great  Craven  Faults  which  traverse  it  in  a  north-west 
to  south-east  direction  have  produced  a  difiference  of  level  of  the 
strata  of  several  thousands  of  feet;  the  limestones  on  the  south 
side  of  the  Faults  being  far  below  the  surface. 

The  Silurian  slates  and  grits  form  the  basement  beds,  and  are 
exposed  in  several  of  the  valleys.  On  these  rests  the  Carboniferous 
Limestone,  which  has  a  thickness  of  about  500  feet  from  the  base  to 
the  present  exposed  surface  on  Ingleborough.  The  name  Carboni- 
ferous Limestone  is  here  applied  only  to  distinguish  a  particular  bed 
of  rock  in  the  district.  Above  this  are  a  series  of  thinner  limestones, 
■hales,  and  sandstones  (the  Yoredales  of  Professor  Phillips),  capped 
by  Millstone  Grit 

Towards  the  west  the  Carboniferous  Limestone  has  been  cut  off 
by  the  Dent  Fault,  while  the  Craven  Faults  determine  its  extension 
towards  the  south.  The  main  line  of  fault  passes  through  Ingleton, 
Clapham,  and  Austwick  to  Settle,  then  eastwards  by  Malham. 
North  of  this  is  another  fault,  near  the  first  at  Austwick,  but  about 
1}  miles  apart  at  Malham.  Further  north  the  most  interesting 
caves  and  pot-holes  are  found  in  an  area  comprising  the  Leek  Fells, 
Kingsdale,  Chapel-le-Dale,  Eibblesdale,  and  around  Ingleborough. 

The  whole  area  may  be  divided  into  three  sections  :— 

1.  The  Toredales,  comprising  the  rocks  of  that  name.  These 
limestones  being  comparatively  thin,  and  intercalated  with  beds  of 
shale  and  sandstone,  the  caves  are  small  and  obstructed  with  earth, 
through  which  the  water  percolates.  They  are  at  an  elevation  of 
from  1,300  to  1,600  feet,  and  do  not  materially  affect  the  drainage 
of  the  ground. 

2.  The  Southern  Carboniferous,  including  the  Carboniferous  Lime- 
stone between  the  two  Craven  Faults.  Although  part  of  the  same 
formation  as  the  Carboniferous  Limestone  north  of  the  Fault,  }^t 
the  oaves  in  the  two  sections  differ  entirely  in  their  characteristics. 
Here  they  are  distinguished  by  an  absence  of  running  water,  the 
walls  are  covered  with  a  considerable  thickness  of  calcareous  deposit, 
and  their  entrances  are  blocked  with  clay  and  rock  debris.  The 
well-known  Yiotoria  and  Attermire  Caves  are  included  in  this  section. 
A  further  characteristic  is  the  entire  absence  of  pot-holes — vertical 
chasms  in  the  ground  caused  by  falling  water  enlarging  the  rock 
fissures. 

3.  The  Main  Carboniferous,  which  includes  the  remainder  of  the 
Cartxmiferous  Limestone  within  the  area  defined.    Here  there  are  ho* 
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-dry  oayes,  dl  being  aodve  drainage  ohannela.  Pot-holes  also  Are 
irery  abandant  In  the  Leok  Fell  and  Kingsdale  distriots  the  caves 
are  almost  witboat  exoeption  those  of  engnlfmenty  while  in  Cbapel- 
le-Dale  and  Ribblesdale  they  are  ohiefly  oaves  of  debonohare.  The 
£rst-named  are  usually  low  at  the  entranoe.  The  passages  then 
increase  in  height  to  20  feet  or  more,  but  rarely  ezoeed  6  feet  in 
width,  usually  muoh  narrower.  Some  may  be  trayersed  a  quarter 
•of  a  mile  or  more,  suoh  as  Lost  John's  Gave,  which  terminates  In 
:a  subterranean  pot-hole  over  100  feet  deep.  The  caves  of  debouchure 
are  much  more  numerous.  The  mouth  is  generally  wide  and  shallow, 
with  a  flat  roof.  A  cascade  or  waterfall  is  usually  found  some  little 
<li8tance  in,  beyond  which  the  passage  is  a  simple  water-worn 
channel,  gradually  shallowing  and  broadening  until  too  low  to 
permit  of  further  progress. 

The  pot-holes  occur  at  or  near  the  top  of  the  limestone,  at  between 
1,100  and  1,300  feet  elevation,  and  always  where  there  are  surface 
streams,  which  fall  into  the  chasms.  Over  thirty  have  been  named, 
nearly  all  of  which  have  been  descended  by  the  writer  and  friends, 
members  of  the  Yorkshire  Ramblers  Club,  many  of  them  for  the 
'first  time.  Half  the  number  are  over  100  feet  deep.  Gaping  Qhyll, 
on  Ingleborongh,  attains  a  depth  of  350  feet,  and  was  first  desceaded 
by  Monsieur  E.  A.  Martel,  in  1895.  Bowten  Pot,  in  Kingsdale, 
was  conquered  in  1897,  and  found  to  be  365  feet  deep,  thus  being 
the  deepest  known  pot-hole  in  the  country. 

No  evidence  of  the  presence  of  the  Silurian  rocks  has  been  found, 
^he  lowest  observable  rook  being  either  light  or  black  limestone. 
The  average  Summer  temperature  iu  both  caves  and  pot-holes  is 
48^  Fahr. 

The  writer  has  prepared  a  special  map  of  the  district  on  which 
are  shown  all  the  known  caves  and  pot-holes,  with  the  surface 
streams.  Such  a  map  illustrates  in  a  forcible  manner  the  interestinff 
fact  that  the  entire  surface  drainage  of  Ingleborough  is  swalloweid 
up  by  the  limestone.  Not  a  single  stream  from  the  higher  levels 
-continues  an  uninterrupted  course  into  the  valley  below. 


IV. — The  Outcrop  op  the  Ooballian  Limestones  of  Elswosth 

AND  St.  Ives.'     By  C.  B.  Wedd,  B.A.,  F.G.S. 

(Communicated  by  permissioii  of  the  Director-General  of  the  Geological  Surrey.) 

THE  ferruginous  and  oolitio  limestones  known  as  the  Elsworth 
and  St  Ives  Rocks  are  now  generally  believed  to  be  one  and 
the  same,  an  opinion  supported  by  my  own  work  in  that  district 
recently.  The  limestone  in  question  has  long  been  known  to  oooar 
at  St  Ives  in  brick-pits,  being  well  exposed  to  the  west  of  the  town. 
It  was  known  also  to  occur  throughout  the  village  of  Elsworth. 
Mr.  Oameron  noticed  a  fossiliferous  rock  outcropping  near  Hilton, 
between  Elsworth  and  St  Ives.  No  other  surface  exposures  were 
known,  but  a  similar  rock  was  found  in  the  railway  cutting  at 
Bluntisham,  north-east  of  St  Ives,  at  Swavesey,  east  of  the  same 
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IfilMa,  and  Bourn,  sooth  of  Elsworth,  and  a  few  ol^er  loofltlities, 
and  like  rook  was  fonnd  in  Wells. 

Tke  outoropoan  be  traced  almost  oontinuoasly  from  a  mile  west  of 
the  brickyard  at  St.  Ives»  striking  eastwards  along  the  northern  flank 
•of  the  Onse  Tallej,  and  passing  north  of  8t  Ives  to  Needingworth ; 
here  it  bends  abruptly  southni^urds  ta  Holywell  and  forms  a  gentle 
rise.  The  sonthem  part  of  the  village  of  Holywell  stands  on 
■a  graTel*capped  escarpment  of  the  rook ;  a  collection  of  fossils  in  the 
Woodwardian  Museum,  Cambridge,  agreeing  closely  with  those  of 
the  Elsworth  and  St  Ives  Rocks,  was  believed  to  have  come  from 
HolywriL  East  of  Holywell  the  outcrop  must  cross  the  Ouse  valley ; 
I  Ibond  traces  of  the  rock  in  a  drain  some  distance  west  of  Swavesey. 
From  here,  south-westwards,  it  is  not  seen  again  till  it  appears  at 
the  surface  between  Hilton  and  Conington,  where  a  rock  was  noted 
by  Mr.  Oameron.  Southwards  from  here  the  outcrop  crosses  a  valley 
1o  the  rising  ground  west  of  Elsworth,  through  which  village 
41  narrow  tongue  of  the  rock  runs  still  further  south.  The  main 
outcrop,  however,  flanks  the  northern  slope  of  the  drift-capped  high 
ground  to  the  west,  and  can  be  traced  along  the  slope  through 
PapworUi  Everard,  westwards  to  Telling,  following  the  contour  of 
the  ground.  At  both  of  these  localities  there  are  good  and  highly 
fiMsiliferous  exposures  in  streams.  Thence  the  outcrop  disappears 
southwards  unaer  drift,  but  the  rock  may  be  seen  again  to  the  south, 
less  than  two  miles  south  of  Croxton,  in  a  ditch  in  the  valley  of  the 
Abbotsley  Brook. 

To  the  north,  east,  and  south-east  of  the  line  of  outcrop  of  this 
limestone,  the  ground  is  occupied  by  Ampthill  Clay,  to  the  west  by 
Oxford  Clay.  It  will  thus  be  seen  that  Uie  Elsworth  and  St  Ives 
Books,  besides  agreeing  dosely  in  their  fauna,  outcrop  along  the 
«ame  line  of  strike,  with  Ampthill  Clay  above  and  Oxford  Clay  below. 
The  dip  is  always  small,  and  the  rock  at  Bluntisham,  if  it  reaches 
the  surface  at  all,  does  so  probably  as  an  inlier,  though  it  may  be 
'directly  connected  at  the  surface  with  the  outcrop  east  of  St  Ives. 


T. — Oh  Bapid  Changes  in  the  Thickness  and  Chabacteb  of 
THE    Coal-measures    of    North    Staffordshire.^      By    W. 
Gibson,  F.G.S. 
(Communicated  bj  permissiou  of  the  Director- General  of  the  Geological  Survey.) 

VABIABILITY  in  thickness  and  character  of  the  strata  is 
nniversal  throughout  the  Carboniferous  period,  but  is  nowhere 
•more  marked  in  the  Midlands  than  in  the  coalfield  of  the  North 
Staffordshire  Potteries. 

This  important  coalfield  consists  of  two  portions.  On  the  east 
4he  productive  measures  lie  in  a  well-marked  syncline,  while  on  the 
west  the  strata  rise  in  a  sharp  anticline  extending  from  Silverdale 
to  Talke.  The  two  productive  areas  are  separated  by  a  strip  of 
gnmnd  two  and  a  half  miles  broad,  composed  of  barren  upper 
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A  notable  diffenenoe  in  ibe  tbickness  of  tbe  strata  and  nature  of 
the  coal-8eam8  obaracterizes  tbese  structurally  disiinot  areas.  In  the 
centre  of  the  sjnoltne,  near  Shelton,  the  yertical  distance  between 
the  highe&t  ironstone,  or  summit  of  tbe  productive  measures,  to  the 
iBulIhurst  coal,  or  lowest  workable  seam,  is  about  1,300  yards.  On 
the  anticline  at  Apedale  only  800  yards  of  strata  separate  tho  same 
horizons.  This  makes  a  remarkable  decrease  in  thickness  of 
500  yards  of  strata  in  a  distance  of  under  three  miles.  The 
reduction  in  thickness  westward  of  the  productive  measures  is 
continued,  though  in  a  less  degree,  in  tbe  upper  barren  series,  but 
owing  to  the  absence  of  shaft  sections  the  amount  cannot  be  definitely 
stated.  It  is  known,  however,  that  the  red  marls  forming  the  lower 
portion  of  tbe  upper  barren  series  are  more  than  1,000  feet  thick 
near  Etruria  station  on  tbe  Shelton  property,  and  about  850  feet 
thick  near  Sil verdale,  on  the  south-eastern  limb  of  the  anticline. 
With  the  decrease  in  thickness  a  change  has  taken  place  in  the 
lower  coals  of  the  productive  series.  The  seams  which  are  house  or 
steam  coals  on  the  east  change  into  gas  and  coking  coals  on  the  west 

This  great  variability  seems  to  show  that  separate  areas  of  deposit 
were  being  marked  out  by  local  movements  of  elevation  and 
depression,  and  thus  fulfilling  in  North  Staffordshire  the  condttiona 
characteristic  of  the  Carboniferous  of  the  Midlands  generally,  aa 
pointed  out  by  Professor  Lapworth.^ 

In  North  Staffordshire  it  happens  that  the  areas  of  maximum  and 
minimum  deposit  correspond  with  a  syndine  and  anticline.  If  this 
be  true  generally,  and  not  merely  a  local  coincidence,  we  may  expect 
the  coals  in  the  unexplored  coalfield  which  lies  at  the  surface  to  the 
west  of  the  anticline,  and  which  represents  the  eastern  margin  of 
the  great  synclinal  of  Goal-measures  beneath  the  Cheshire  plain,  to 
be  of  a  different  quality  from  those  in  the  anticline,  while  the 
thickness  of  the  measures  will  be  increased. 


VI. — On  some  Fossil  Fish  from  the  Millstone  Grit  BookSv^ 
By  Edgar  D.  Wbllburn,  F.G.S. 

THE  Millstone  Grits  are  naturally  grouped  into  three  divisions, 
viz. :  (1)  Bough  Bock ;  (2)  Middle  Grito ;  (3)  Kinder  Grits  at 
base.  The  Middle  Grits,  consisting  of  grits,  sand,  shales,  are  sub- 
divided into  A,  B,  C,  and  D  beds,  A  being  uppermost.  The  Pennine 
Anticline  is  mostly  composed  of  these  rocks,  and  on  the  Lancashire 
side  at  the  head  of  Galder  Valley,  on  the  south  side  in  a  quarry 
at  tbe  summit,  there  is  a  good  exposure  of  the  D  shales;  in  these 
the  majority  of  fish  remains  were  found  ;  a  few  occurred  at  the  same 
horizon  at  Wadsworth  Moor,  Sowerby,  Eilne  House  Wood,  and 
Eccup,  Yorkshire.  The  majority  are  in  nodular  masses,  few  in 
shales,  and  are  associated  with  a  marine  fauna.  The  fish-bearing 
beds  were  formed  under  marine  estuarine  conditions.  They  are 
of  great  geological  and  zoological  interest,  as  largely  increasing 

1  <<  A  Sketch  of  the  Geology  of  the  Birmingham  District"  :  Geol.  Assoc.,  1898^ 
p.  364. 
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our  knowledge  of  the  fish  faana  in  rooks  whose  yield  of  fish  remains 
has  hitherto  been  extremely  limited  ;  and  zoologically  inasmuch  as 
(1)  one  genos  and  several  species  are  new;  (2)  one  Lower  Old 
Bed  Sandstone  fish  is  present;  (3)  the  ocoorrence  of  the  Lower 
Carboniferous  types,  Orodus,  FsephoduSf  Prisiodus.  The  author 
made  some  remarks  on  the  fish  remains,  and  exhibited  a  table  of 
their  stratigraphical  distribution. 


I^  E  "V  I  E  ^VT"  S. 


L — ^Thb  Qcologt  of  Cbntbal  and  Wbstebn  Fifs  and  Einboss. 
(Memoirs  of  the  (^logical  Survey  of  Scotland.)  By  Sir 
Abohibald  Gbikib,  F.B.S.,  D.C.L.,  etc.,  Director-General  With 
Appendix  of  Fossils  by  B.  N.  Pbaoh,  F.RS.  8to,  cloth ;  pp.  x, 
284.  (Glasgow:  printed  for  H.M.  SUtionery  Office,  1900. 
Prioe  5$.  6d) 

r[S  well-printed  memoir  is  in  the  main  a  description  of  the 
geological  formations  which  are  represented  in  Sheet  40  of 
the  (Geological  Survey  map  of  Scotland,  which  was  published  in 
1867.  The  ground  was  surveyed  in  part  by  the  author,  and  in  part 
by  Mr.  H.  H.  Howell,  Prof.  John  Young,  Prof.  J.  (Geikie,  and 
Mr.  B.  N.  Peach,  when  Murchison  was  Director-General.  It  is  not 
surprising,  therefore,  that  the  nomenclature,  especially  of  the  igneous 
rocks,  has  undergone  considerable  changes,  noticeable  when  we 
compare  the  tablets  on  the  map  with  the  table  on  p.  13  of  the 
memoir.  Much  additional  information  on  the  coalfields  has,  however, 
in  recent  years  been  obtained  by  Mr.  J.  S.  Grant- Wilson,  and  the 
Director-General  has  himself  revisited  the  area  from  time  to  time. 
Consequently  every  effort  has  been  made  to  bring  the  information 
up  to  date  by  personal  observation,  and  with  the  help  of  other 
workers  whose  publications  are  listed  in  the  Appendix.  It  is 
needless  to  add  that  in  point  of  style  the  memoir  bears  the 
most  favourable  comparison  with  any  previously  published  by  the 
Greological  Survey. 

The  country  described  is  a  highly  important  one,  extending  from 
the  Firth  of  Tay  west  of  Tay  bridge  to  the  Firth  of  Forth  at 
Qaeensferry.  It  is  composed  chiefly  of  Carboniferous  rocks  and 
Old  Red  Sandstone,  with  numerous  interstratified  and  intrusive 
igneous  rocks.  In  the  northern  part  is  the  Ochil  chain,  formed 
mainly  of  hard  lavas  of  Lower  Old  Bed  Sandstone  age ;  the  central 
part,  in  which  lies  Loch  Leven,  is  hollowed  out  of  comparatively  soft 
red  sandstones  forming  the  plains  of  Kinross  and  the  Howe  of  Fife ; 
and  in  the  southern  part  there  is  again  a  belt  of  hilly  ground,  more 
varied  and  broken  than  that  in  the  north,  and  composed  mainly  of 
Carboniferous  rocks  with  hard  eruptive  sheets,  which  form  the 
Lomond  Hills  and  other  prominent  heights. 

While  perusing  the  very  interesting  Introductory  chapter  it  would 
have  been  useful  to  the  reader  to  have  had  a  small  map  depicting 
the  main  outlines  of  the  geology  and  topography,  with  the  names  of 
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the  chief  bill  ranges,  rivers,  and  lakes.  In  succeeding  chapters 
the  anther  gives  a  fall  account  of  the  strata,  entering  into  many 
particulars  concerning  the  eruptive  rocks,  and  recording  detailed 
sections  of  the  coal-bearing  strata  in  the  Carboniferous  Limestone 
series  and  Goal-measures.  In  this  great  series  the  highest  division 
is  the  "  Upper  or  Barren  Bed  Sandstone  Group,"  composed  of  red, 
purple,  grey,  yellow,  white,  and  variegated  sandstones,  shales,  clays, 
and  marls,  with  some  thin  limestones  and  poor  coals.  Many  fossils 
have  been  obtained  in  this  group  by  Mr.  J.  W.  Eirkby,  including 
fishes  (Diplodus,  Megalichihys,  eto.)>  Crustacea  {Bellintwus^  Eurypienu, 
Prestwiehta,  eta),  as  well  as  molluscs  such  as  Anthracomya  and  the 
annelide  Spirorhis  pusillus.  Full  lists  of  them  and  of  fossils  from 
the  other  formations  are  given  by  Mr.  Peach  in  the  Appendix; 
special  mention  being  made  of  the  long  and  enthusiastic  labours  of 
Mr.  Kirkby. 

Sir  A.  Geikie  remarks  that  "  The  topography  of  the  whole  region 
has  been  profoundly  modified  by  the  geological  events  of  the  Ice 
Age.  So  thick  was  the  mass  of  ice  which  then  descended  from  the 
Highlands,  that  it  passed  over  the  lofty  ridge  of  the  Ochils  and  the 
other  hills  to  the  south,  and  turned  eastwards  into  what  is  now 
the  Firth  of  Forth  and  the  North  Sea."  Of  the  glacial  deposits, 
and  also  of  Recent  deposits  and  the  latest  changes,  many  interesting 
descriptions  are  g^iven  ;  and  there  is  a  final  chapter  on  the  Economic 
Minerals.  Some  detailed  notes  on  the  petrography  of  the  Igneous 
rocks  are  contributed  by  Mr.  Herbert  Eyuaston,  in  an  appendix. 

II. — Memoibs  of  the  Gbolooigal  Survey  of  the  United  Eikodom. 
The  Cretaceous  Rooks  of  Britain.  Vol.  I.  The  Gault  and 
Upper  Greensand  of  England.  By  A.  J.  Jukes-Browne,  B.A., 
F.G.S. ;  with  contributions  by  William  Hill,  F.G.S.  Royal 
8vo;  pp.  xiv,  499,  with  85  figures  and  5  plates.  (London: 
Wyman  &  Sons,  1900.     Price  9s.) 

IN  the  preface  Sir  Archibald  Geikie,  the  Director-General  of  the 
Geological  Survey,  states  that  the  present  volume  is  the  first 
of  two  in  which  the  Upper  Cretaceous  Rocks  of  England  will  be 
described  by  Mr.  Jukes -Browne,  who  has  been  collecting  the 
materials  for  the  subject  since  1884.  Owing,  however,  to  his 
unfortunate  ill-health,  he  has  been  unable  to  complete  the  necessary 
field-work,  but  this  obstacle  has  been  overcome  by  the  assistance  of 
his  friend  and  coadjutor  Mr.  William  Hill,  who  has  examined  the 
outcrops  of  the  formations  in  the  South  and  East  of  England,  and 
in  addition  has  carried  out  a  series  of  important  researches  on 
the  mineral  and  organic  constituents  of  the  deposits  by  means  of 
microscopic  sections  and  the  examination  of  residues  after  treatment 
with  acid. 

llie  strata  described  in  this  volume  have,  since  early  days,  attracted 
the  attention  of  many  of  our  British  geologists,  amongst  whom  may 
be  reckoned  William  Smith,  Thomas  Webster,  William  Phillips, 
Dr.  Mantell,  Dr.  Fitton,  Sir  R.  Murchison,  and  K.  A.  C.  Godwin- 
Austen.    At  a  more  recent  period,  Mr.  C.  J.  A.  Meyer,  Mr.  F.  G.  H. 
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Pnoe»  Dr.  Charles  Barrois,  and  otbers  have  studied  their  stratigraphy 
4UKd  fossils  in  more  detail.  They  have  also  been  described  in  some 
of  the  previously  published  memoirs  of  the  Geological  Survey,  as  in 
those  on  the  Isle  of  Wight  by  A.  Strahan,  on  the  Isle  of  Purbeck  by 
A.  Strahan,  those  on  West  Suffolk  and  West  Norfolk  by  W.  Whitaker 
«nd  A.  J.  Jukes-Browne,  and  that  in  the  neighbourhood  of  Cambridge 
hy  W.  H.  Penning  and  A.  J.  Jukes-Browne.  Chemical  analyses  of 
the  rocks,  besides  those  already  published,  have  been  made  by 
Professor  J.  B.  Harrison,  Mr.  Berry,  and  Dr.  W.  Pollard.  Mr.  F. 
^Thapman  has  determined  the  foraminifera  of  the  Ganlt,  whilst  the 
author  and  Mr.  E.  T.  Newton,  assisted  by  Mr.  H.  A.  Allen  and 
Dr.  Kitchin,  have  revised  the  synonymy  of  the  rest  of  the  fauna. 
The  author  has  made  use  of  the  knowledge  to  be  obtained  from  the 
above  and  other  writers  on  the  geology  of  these  rooks  to  add  to  his 
own  observations,  and  thus  render  the  monograph  as  complete  as 
possible. 

The  first  chapter  contains  the  introduction  to  the  Upper  Cretaceous 
Series,  which  is  regarded  as  consisting  of  the  following  four  stages 
or  groups  of  strata : — 

4.  Upper  Chalk. 

3.  Middle  Chalk. 

2.  Lower  Chalk. 

1.  Gault  and  Upper  Greensand  (Selbomian). 

The  combined  thickness  of  these  stages  where  the  series  is  most 
folly  developed,  as  in  the  Isle  of  Wight,  is  about  1,900  feet  The 
Upper  Series,  on  the  whole,  succeeds  conformably  the  Lower 
Oretaoeoos  Series,  but  there  is  evidence  of  a  very  general  subsidence 
of  the  region  at  an  early  period  of  the  Upper  Series,  which  produced 
an  overlap  of  the  Lower  Greensand  by  the  Gault.  In  deep  borings 
in  the  East  of  England,  the  Ghtult  is  known  to  rest  directly  on 
Paleozoic  rocks,  whilst  in  a  westerly  direction  it  is  deposited 
sQooessively  on  Wealden,  Jurassic,  and  Bhsetic  beds,  and  in  the 
Haldon  HQls  Greensand  rests  on  the  lower  part  of  the  New  Bed 
Series.  The  general  dip  of  the  Upper  Cretaceous  is  easterly,  but 
this  is  interrupted  by  several  anticlinal  flexures  with  an  east  and 
west  direction,  which  produce  local  dips  to  the  north  and  south. 
The  most  important  of  these  are  (1)  that  traversing  South  Dorset 
and  the  Isle  of  Wight,  which  is  believed  to  be  continuous  with  the 
anticlinal  axis  of  the  Pays  de  Bray;  (2)  a  series  of  local  and 
parallel  flexures  in  a  tract  extending  from  the  Vales  of  Wardour 
and  Warminster  through  Central  Hants  and  the  southern  part  of 
Sussex ;  and  (3)  the  anticlinal  axis  which  runs  through  the  Vales 
of  Pewsey  and  Kingsdere. 

Chapter  ii,  giving  an  historical  account  of  the  Chalk,  Upper 
Greensand,  and  Gault,  mainly  deals  with  the  origin  of  the  term 
*  Upper  Greensand.'  The  name  '  Greensand '  was  used  by  William 
Smith  and  T.  Webster  for  the  greensands,  including  also  the  Malm 
or  Firestone,  between  the  Chalk  and  the  Gault.  Subsequently, 
W.  Phillips  and  Dr.  Mantell  mistook  the  sands  below  the  Gault 
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(Lower  Greenaand)  for  the  Greensand  of  William  Smith,  which 
gave  rise  to  much  confusion.  The  truo  succession  of  the  beda 
was  pointed  out  by  Dr.  Fitton  in  1824,  who  suggested  the  name  of 
Merstham  Beds  for  the  firestone  and  greensand  above  the  Gault  and 
Shanklin  Sands  for  the  sands  below.  The  proposition  of  Webster 
that  the  beds  should  be  respectively  called  '  Upper  Greensand  *  and 
*  Lower  Greensand '  finally  prevailed,  and  these  terms  were  adopted 
by  the  Geological  Survey  in  1839  and  have  since  continued  in 
general  use. 

It  was  not  until  a  later  date  that  the  accepted  character  of  the 
Gault  and  Upper  Greensand  as  definite  and  distinct  formations  of 
the  Cretaceous  System  was  called  in  question.  Mr.  Godwin-Austen 
stated  in  1850  that  the  Upper  Greensand  was  a  purely  conventional 
name,  and  that  the  differences  between  the  fauna  of  the  Devizes  and 
Blackdown  Beds  (Upper  Greensand)  and  that  of  the  Upper  Gh^ult 
of  Folkestone  are  only  such  as  might  be  expected  between  arenaceous 
and  argillaceous  portions  of  the  same  zone.  He  further  added  that 
the  Gault  was  not  an  independent  formation,  but  merely  the  accumu- 
lation of  a  given  condition  of  deep-sea,  synchronous  as  a  whole 
with  that  portion  of  the  Cretaceous  deposits  which  we  call  Upper 
Greensand.  Godwin-Austen's  views  were  supported  and  confirmed 
by  the  investigations  of  Meyer,  Price,  Dr.  Barrois,  and  more  especially 
by  the  author  of  this  memoir,  who  maintained  that  the  Gault  and 
Upper  Greensand  were  merely  different  lithological  facies  of  one 
group  of  deposits.  For  the  new  group  the  name  '  Selbomian '  is 
proposed  by  Jukes-Browne  after  the  well-known  Hampshire  village 
made  famous  by  Gilbert  White  the  naturalist.  The  name  is  the 
more  appropriate  as  the  village  is  situated  on  the  Malmstone,  and 
the  Gault  clays  are  well  developed  near  by.  The  author  does  not 
propose  that  'Selbomian'  should  supersede  the  terms  Gault  and 
Greensand,  but  that  it  should  be  employed  in  a  similar  relation  to 
them  as  the  general  term  Wealden  to  the  Weald  Clay  and  Hastings 
Sands.  It  is  strange  that  this  new  term,  though  constantly  used 
throughout  the  memoir,  should  not  have  found  a  place  on  the 
title-page.     In  justification  of  its  introduction  the  author  states — 

'*  As  a  matter  of  fact  gauli  clap  and  greensand  are  only  two  of 
the  different  kinds  of  deposits  that  make  up  the  group  for  which 
the  name  Selbomian  is  now  proposed ;  it  is  only  by  a  stretch  of  the 
imagination  that  malmstone  can  be  called  greensand,  inasmuch  as 
an  ordinary  malm  contains  but  a  small  proportion  of  quartz  sand  and 
still  less  glauconite,  so  that  it  is  not  a  sand  nor  is  its  colour  green. 
There  are  large  areas  over  which  the  formation  is  really  a  tripartite 
one,  and  could  actually  be  mapped  as  consisting  of  Qatdt,  Malmstone, 
and  Oreensand ;  there  are  also  areas  where  it  consists  wholly  of 
Gault,  i.e.  of  grey  clays  and  marls ;  others,  again,  where  it  consists 
entirely  of  sand  and  sandstone;  and  finally,  there  is  a  large  area 
where  it  is  neither  the  one  nor  the  other,  but  is  represented  by  red 
chalky  limestone  and  red  marl." 

Chapter  iii,  on  the  value  of  zones  in  the  Cretaceous  System,  comas' 
in  here  somewhat  parenthetically,  but,  as  hinted  in  the  preface,  ik 
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maj  be  r^arded  as  in  some  measure  introdnotory  to  the  completed 
monograph  on  the  Gretaoeons  System.  In  it  the  aathor  plaoes  on 
lecord  some  of  the  oonolnsions  drawn  from  a  study  of  the  zones  in 
this  system,  ''  especially  with  respect  to  the  proper  oonoeption  of 
a  aone,  the  use  of  an  index  species,  and  the  limitations  which  must 
be  placed  to  the  zonal  method."  To  give  a  succinct  explanation  of 
a  zone  is  by  no  means  easy ;  the  author  says  that ''  perhaps  it  may 
be  defined  as  a  band  of  sedimentary  material  within  which  certain 
spedes  are  either  restricted  or  are  specially  abundant,  and  during  the 
formation  of  which  certain  species  acquired  their  greatest  exuberance 
and  their  greatest  geographical  extension.  More  than  this,  however, 
is  implied  by  the  modem  idea  of  the  term  z(me^  for  a  zone  is  only  one 
of  several  successive  zones ;  it  is  not  merely  a  specially  fossiliferous 
band  in  a  thick  mass  of  sediment,  but  is  a  subdivision  of  such  a  mass 
or  group  of  beds ;  such  a  group  being  generally  divisible  into  two, 
three,  or  more  zones,  one  succeeding  another."  The  above  definition 
seems  to  ns  open  to  much  criticism,  which,  however,  cannot  be 
entered  on  here ;  we  should  prefer  the  shorter  definition  of  Mr.  J.  E. 
Marr,  here  quoted :  '<  Zones  are  belts  of  strata,  each  of  which  is 
<^racterized  by  an  assemblage  of  organic  remains,  of  which  one 
abundant  and  characteristic  form  is  chosen  as  an  index." 

A  general  account  of  the  Qault  and  Upper  Oreensand  (Selbomian) 
is  given  in  Chapter  iv,  and  it  is  claimed  that  the  clays,  marls,  sands, 
and  sandstones  of  this  Selbomian  stage  fall  naturally  into  three 
groups  or  sub-stages :  (1)  Lower  Oault;  (2)  Upper  Oault  and  Devizes 
Beds ;  (8)  Warminster  Beds. 

Hitherto  it  has  been  usual  in  England  to  consider  the  clayey  beds 
containing  Ammoniiea  interrupius  as  the  base  of  the  Gault,  and 
the  underlying  sandy  beds  as  belonging  to  the  Lower  Greensand. 
In  the  uppermost  beds  of  these  lower  sands  at  Folkestone  and  in 
three  other  localities  in  the  South  of  England  Ammanitea  mammillatua 
has  been  met  with,  whilst  in  France  the  same  species  occurs  in 
a  zone  of  fossiliferous  sandy  beds  in  association  with  Am.  interruptua, 
and  by  French  geologists  these  beds  are  included  in  the  Albian  as 
part  of  the  basement  bed  of  the  Gault.  The  author  considers  this 
will  justify  placing  the  sands  with  this  fossil  as  the  base  of  the 
Gault  in  this  country,  although  it  has  never  been  found  here 
asBooiated  with  Am.  interrupiua. 

The  zone  of  clays  with  phosphatic  nodules  at  its  base,  containing 
Awl  inierrupiua,  forming  bed  1  of  Mr.  Price,  is  about  10  feet  in 
thi(^es8  at  Folkestone  and  from  20  to  50  feet  in  the  Midland 
Coonties.  The  upper  part  of  the  Lower  Ghiult,  which  includes 
Price's  beds  2-7,  is  placed  in  the  zone  of  Am.  latUua.  It  can  be 
distinguished  near  Devizes,  and  is  believed  to  form  the  larger  part 
«f  the  Lower  Gault  in  Oxfordshire  and  the  adjoining  counties. 
The  thickness  of  the  Lower  Gault  in  different  parts  of  the  country 
varies  between  34  feet  and  200  feet,  but  there  is  much  difficulty  in 
determining  with  certainty  where  a  line  can  be  drawn  between  the 
Lower  Gault  and  the  Upper  in  many  areas. 

The  next  division  comprises  the  Upper  Gault  and  Upper  Greensand 
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(in  part) — the  Merstbam  or  Devizes  Beds,  which  are  placed  in  the 
zone  of  Ammonites  rostratus.  The  lower  portions  of  this  zone  oon^ 
sists  of  marly  clays,  and  above  these  are  the  well-known  beds  of 
Malmstone  or  Firestone,  siliceous  rocks  with  a  considerable  amount 
of  silica  in  the  colloid  state,  which  has  been  derived  from  the 
spicules  of  siliceous  sponges.  This  Malmstone  occupies  a  large  area 
in  the  South  of  England  estimated  at  nearly  4,000  square  miles. 
It  extends  from  near  Westerham,  Kent,  on  the  east,  and  from  it» 
thickness  along  the  western  outcrop  the  author  believes  that  it 
stretched  originally  far  to  the  westward  over  the  counties  of  Oxford, 
North  Wilts,  and  Gloucestershire.  This  Malmstone  passes  into- 
a  fine-grained  micaceous  sandstone. 

In  the  Isle  of  Wight  and  in  the  South- West  of  England,  a  large 
portion  of  this  zone  of  Am.  rosiraius  consists  of  fine  soft  sands  with 
intermediate  beds  of  hard  calcareous  sandstone ;  in  some  places  the 
cemented  materials  take  the  form  of  oval  or  rounded  doggers  or 
burr-stones.  Again,  in  the  Blackdown  Hills  of  Devonshire  and 
near  Stourton  in  Wiltshire,  the  sands  of  this  zone  contain  siliceous 
nodular  accretions,  formerly  worked  for  whetstones,  the  silica  ia 
which  is  derived  from  sponge  remains. 

The  third  division  of  the  Selbornian  comprises  the  highest  portion- 
of  the  Upper  Greensand,  and  as  this  is  most  highly  developed  near 
Warminster  it  is  known  as  the  Warminster  Beds,  and  included  iu 
the  zone  of  Fecten  aaper  and  Cardiaater  fossarius.  The  zone  of 
Peeten  aeper  near  Warminster  includes  three  sets  of  beds :  (1)  Green- 
sand  and  sandstone;  (2)  fine  grey  sand  with  layers  and  nodules- 
of  chert;  and  (3)  a  light  greensand  with  calcareous  concretions, 
which  forms  the  highest  portion  of  the  series  and  contains  the 
well-known  Warminster  fauna.  The  author  states  that  no  Ammonite 
or  other  Cephalopod  has  yet  been  found  in  this  zone  which  does  not 
range  into  the  Chalk  above  or  into  the  beds  below. 

Fecten  aaper,  the  principal  index  fossil  of  this  zone,  has  a  wide 
distribution  both  in  this  country  and  in  France.  In  England  it  has- 
been  found  in  the  Malmstone  of  Hampshire,  that  is,  in  the  zone  of 
Am.  rostratus,  and  occasionally  it  occurs  in  the  same  zone  in  France^ 
In  the  zone  distinguished  by  its  name  it  is  found  near  Warminster 
and  other  places  in  Wiltshire,  also  in  Dorset,  and  the  Isle  of  Wight. 
It  passes  up  into  the  Ghloritio  Marl,  and  occurs  in  the  nodule  bed  at 
the  base  of  the  Chalk  near  Chard,  and  in  certain  beds  of  Cenomaniai^ 
age  in  Devonshire.  In  France  also  this  species  is  common  in  the 
'  craie  glauconieuse,*  the  equivalent  of  our  Lower  Chalk.  Its  mere 
ocourrence,  therefore,  cannot  be  considered  as  proof  that  the  bed. 
containing  it  belongs  to  the  Upper  Greensand. 

The  Warminster  or  Feeten  asper  division  of  the  Upper  Greensand 
is  confined  to  the  south-western  and  south-central  counties  fron^ 
the  Isle  of  Wight  to  Buckinghamshire.  Its  maximum  thickness- 
is  estimated  at  60  feet,  but  where  the  chert  beds  are  not  present 
it  is  reduced  to  about  12  feet.  The  well-known  ohert  beds  of  the 
Undercliff  in  the  Isle  of  Wight  are  included  in  this  division. 

Chapters  v-zxii  give  detailed  descriptions  of  the  varying  features^ 
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of  tbe  zones  of  the  Selbornian  as  they '  ire  Exposed  in  di%rent 
ooonties,  beginning  with  the  easterly  exposure  on  the  coast  «t 
Folkestone  to  its  most  westerly  extension  on  the  Haldon  Hills,  near 
Exeter,  from  thence  returning  in  a  north-easterly  direction  through 
the  counties  of  Wilts,  Berks,  Oxford,  Buckingham,  Cambridge, 
Norfolk,  Lincoln,  and  York.  The  changes  in  the  character  of  ^e 
beds  in  areas  not  far  remoTed  are  somewhat  striking :  we  can  only 
briefly  mention  some  of  them. 

Beginning  at  the  well-known  coast  section  at  Folkestone,  the 
Lower  Gault  (excluding  the  debateable  6  feet  of  sand  of  the  Am,  mnm- 
miUaiuM  zone)  consists  mainly  of  grey  and  dark  fossiliferous  clays, 
aboQt  229  feet  in  thickness.  The  lower  portion  of  the  Upper  Gault 
is  likewise  of  marly  clays,  having  a  thickness  of  50  feet,  and  these 
are  overlaid  by  glauconitic  sands  and  bufif  marls  with  but  a  few 
fossils,  27  feet  in  thickness.  Thus  the  total  thickness  of  the 
Selbornian  at  this  spot  is  106  feet,  and  the  materials  are  mostly 
marly  or  clayey. 

In  Surrey  the  Lower  Qault  consists  of  clays  somewhat  similar 
to  those  in  Kent,  but  fossils  are  comparatively  scarce  in  them.  No 
definite  boundary  between  the  Upper  and  Lower  Gault  is  known : 
tbe  upper  beds  are  of  a  more  sandy  character,  and  they  are  succeeded 
by  tbe  Malm  and  Firestone  (MersthamBeds),  representing  the  Upper 
Gault  and  Upper  Greensand,  which  are  60-80  feet  in  thickness 
in  the  west  of  the  county.  Tbe  author  considers  that  the  entire 
thickness  of  the  Malmstone  belongs  to  the  zone  of  Am.  rostratus, 
tc^ether  with  the  8-10  feet  bed  of  greenish  sand  which  comes  in 
between  the  Malmstone  and  the  base  of  the  Chalk  Marl,  and  that 
the  zone  of  Pecten  asper  is  not  represented.  We  do  not  find  any 
reference  to  the  excellent  section  of  the  Merstham  Beds  exposed 
in  the  last  two  or  three  years  in  the  new  cutting  of  the  London, 
Brighton,  and  South  Coast  Railway  at  Merstham. 

The  Selbornian  is  well  shown  in  the  coast  sections  of  South 
Dorset  and  Devon  from  Golden  Cap  to  Axmouth.  The  lowest  beds 
are,  at  Golden  Cap,  pebbles,  sands,  and  sandy  clays,  resting  on  the 
Lias,  nearly  30  feet  in  thickness ;  they  contain  Gault  fossils,  and  are 
referred  to  the  upper  part  of  the  Lower  Gault ;  above  these  is  a  series 
of  greenish  and  yellowish  glauconitic  sands,  about  100  feet  in  thick- 
ness, which  may  represent  the  zone  of  Am.  rostratus,  and  over  these 
are  some  thin  chert  beds.  Further  westward,  at  Black  Yen,  the 
sandy  beds  representing  the  Gault,  containing  some  obscure  fossils, 
reach  a  thickness  of  about  180  feet,  and  the  overlying  chert  beds, 
belonging  to  the  highest  division  of  the  Upper  Greensand,  are  40  feet 
in  thickness. 

At  Whiteclifif^  South  Devon,  the  sands  below  the  chert  beds, 
forming  the  lower  division  of  the  Upper  Greensand,  contain  the 
same  fossils  as  occur  in  the  Blackdown  Beds,  and  are  included  in  the 
zone  of  Am.  rostratus.  They  are  less  than  90  feet  in  thickness.  At 
Hooken  Cliff  and  Whitecliff,  the  chert  beds  of  the  highest  division 
of  the  Upper  Greensand  reach  a  maximutn  thickness  of  70-^0  feet : 
they  ooatain  species  of  JExogyra  and  Orhitolina  coneava,  but  Fteteik 
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nsper  has  not  been  found  in  them  or  in  the  topmost  bed  of  caloareons 
■sandstone. 

In  Oxfordshire  and  Buokinghamshire  the  Lower  and  Upper 
Gault  olajs  have  been  proved  by  borings  in  varioas  places  to  reach 
a  thickness  of  14^230  feet  Fossils  occur  in  the  Lower  (}ault 
which  elsewhere  in  the  South-East  of  England  are  only  found  in 
Upper  Gault;  for  example,  Am,  ro$tratu8,  Am.  tfarieosua,  and 
Am.  eristatus  are  associated  with  Am.  lautus,  Am.  splendeuB,  and 
Am.  tuberetdatuB.  The  Upper  Ghiult  becomes  marly,  and  passes  into 
a  micaceous  marl  and  malmstone. 

At  Stoke  Ferry  in  West  Norfolk  the  Lower  and  Upper  (Jault 
is  represented  by  a  blue  clay  about  56  feet  in  thickness ;  more  than 
half  of  it  probably  belongs  to  the  zone  of  Am.  rosiratua.  North- 
wards the  clay  is  replaced  by  calcareous  material  and  gradually 
thins  out,  so  that  at  Hunstanton  there  is  only  about  3^  feet  of 
red  earthy  limestone  between  the  sands  of  the  Lower  Cretaoeons 
and  the  Lower  Chalk.  The  author  and  Mr.  Hill  maintain  the  view 
put  forward  by  them  in  1886  that  the  Bed  Chalk  is  the  actual 
stratigraphical  equivalent  of  the  Gault  They  also  agree  with 
Dr.  Barrois  that  the  zone  of  Pecten  aaper  is  wanting  in  Norfolk, 
and  that  there  is  a  direct  passage  from  the  Bed  Chalk  to  the 
Chalk  Marl. 

The  Bed  Chalk  is  shown  again  in  Lincolnshire  and  in  Yorkshire, 
where  it  gradually  passes  into  a  stifif  red  marl  with  oalcartioua 
nodules.  Mr.  F.  Chapman  has  recorded  86  species  of  Foraminifera 
from  this  rock  in  Norfolk  and  Yorkshire,  and  52  of  these,  or  about 
60  per  cent ,  have  been  found  in  the  Gkult  of  Folkestone,  whilst  only 
25  occur  in  bed  2  of  the  Chalk  Marl  of  Eastwear  Bay,  thus  indicating 
that  the  Bed  Chalk  has  a  closer  relation  to  the  Upper  Gault  than 
to  the  Chalk  Marl. 

In  Chapters  xxiv  and  xxv  Mr.  W.  Hill  describes  the  microscopical 
structure  and  the  mineral  ingredients  of  the  Grault,  Bed  Chalk, 
Greensandsy  Malmstones,  etc.  The  Gault  marls  and  clays  consist 
in  part  of  very  finely  divided,  apparently  structureless  material, 
without  reaction  in  polarized  light  between  crossed  nicols ;  in  part 
of  fine  detritus  of  quartz,  mica,  and  glauconite,  with  entire  and 
fragmentary  tests  of  organisms.  Thin  microscopic  sections  of  the 
Gault  do  not  give  good  results,  and  its  characters  were  best 
ascertained  by  washing  and  sifting  different  samples. 

The  coarser  particles  of  quartz,  mica,  and  felspar  fragments  form 
but  a  small  proportion  in  typical  Gault  clays.  Zircon,  rutile, 
tourmaline,  magnetite,  ilmenite,  garnet,  and  oyanite  were  also 
recognized  by  Mr.  Teall.  The  glauconite  occurs  in  irregular 
rounded  and  mammillated  grains,  seldom  more  than  0*5  mm.  in 
diameter,  also  as  minute  cylindrical  rods,  apparently  moulded  in 
the  canals  of  sponge  spicules.  Marcasite  (disulphide  of  iron)  ia 
also  present  in  the  form  of  small  spherules,  cylinders,  and  irr^ular 
masses. 

Mr.  Chapman  has  determined  265  species  and  varieties  of 
Foraminifera  from  the  Gault  at  Folkestone,   and   66    species    of 
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Ostraooda  are  also  present  with  them.  The  tests  of  the  Ganlt 
Fbraminifera  have  been  but  little  altered  in  fossilization,  and  they 
differ  bat  slightly  in  appearance  from  those  in  recent  deep-sea 
deposits.  •  Moiloscan  shell  fragments  and  prisms  occur  in  all 
Gaults,  but  siliceous  organisms  such  as  sponge  spioules  are  rare. 
Mr.  Chapman  has  estimated  the  mean  depth  of  the  Lower  Gault  sea 
at  830  fathoms  and  that  of  the  Upper  Gault  at  866  fathoms,  basing 
his  conclusions  on  the  Foraminifera,  but  Mr.  Jukes-Browne  considers 
these  estimates  to  be  excessive.  The  Gault,  on  the  whole,  bears  con- 
siderable resemblance  to  the  Blue  and  Green  Muds  of  modern  seas. 

Typical  Maimstone  is  shown  by  Mr.  Hill  to  consist  principally  of 
colloid  silica  with  usually  a  small  proportion — 10-12  per  cent — 
of  quartz  sand ;  other  varieties  are  more  or  less  calcareous.  Besides 
quartz  sand,  mica  and  glauconite  are  present  in  varying  amounts. 

The  characteristic  organio  remains  of  the  Malm  and  Firestone 
^(3aize),  and  also  of  the  beds  and  nodules  of  chert,  are  the  detached 
microscopic  spicules  of  disintegrated  siliceous  sponges,  of  which  these 
rooks  are  mainly  composed.  In  the  Maimstone  the  spicules  are 
mostly  of  colloid  silica,  but  in  the  cherts  they  are  generally  of 
ehaloedonic  and  crystalline  silica.  Frequently  the  spioules  are 
partially  or  entirely  dissolved,  leaving  minute  empty  hollows,  and 
the  rook  is  then  of  a  light  porous  character.  The  dissolved  silica 
«f  the  spicules  is,  in  the  Malm  rock,  often  deposited  in  the  form  of 
very  minute  globules  or  discs,  in  the  cherts  it  forms  a  hard  glassy  rock. 

The  occurrence  of  such  thick  and  widely  extended  masses  of 
Maimstone  in  the  zone  of  Am.  rostraius  and  of  the  chert  layers  and 
nodules  in  the  highest  part  of  the  Upper  Greensand  in  the  so-called 
n>ne  of  Peclen  aaper,  both  largely  derived  from  the  remains  of  siliceous 
sponges  (they  have  been  termed  Sponge-beds  by  Hinde),  forms  the 
most  striking  feature  of  the  Selbornian  stage. 

In  Chapters  xxvi-xxix  the  underground  extensions  of  the  Gteult 
«nd  Greensand,  as  shown  by  various  deep  borings  in  the  London 
and  Hampshire  Basins  and  the  Elastem  Counties,  are  referred  to; 
the  characters  of  the  equivalent  formations  in  Northern  France  are 
given,  with  lists  of  fossils  compiled  by  Dr.  Barrois,  Mr.  Price,  and 
M.  Delatonr ;  the  physical  and  geographical  conditions  under  which 
the  Gault  and  Upper  Greensand  were  deposited  are  discussed,  and 
the  water  supply  and  economic  products  are  enumerated. 

In  an  appendix  critical  remarks  on  some  species  of  fossils  are 
•contributed  by  Mr.  E.  T.  Newton  and  Mr.  A.  J.  Jukes-Browne, 
and  these  are  followed  by  an  elaborate  and  exhaustive  list  of  fossils 
•of  the  Selbornian,  showing  the  particular  zones  and  indicating  also 
the  localities  where  they  occur. 

Ill — Thm  Soknbet  akd  Gboloot  07  TUB  Peak  OF  Dbbbtshibb.  By 
EuzABBTH  Dalb.  pp.  166  and  index,  with  16  plates,  16  views, 
and  a  map.    (London :  Sampson  Low,  Marston,  &  Co.    Price  6s.) 

THIS  is  a  tall,  attractive-looking  volume,  with  numerous  illustra- 
tions and  plates;  the  former,  however,  have  had  soant  justice 
done  to  them,  and  the  original  photographs  have  suffered  much  in  the 
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proo^ss.  of  reprodttcHbh:  The'  plate8>  as  is  stated  in  iho  preface,, 
are  very  largely  borrowed  fVom  previous  works ;  but  why  are  they  not 
Buuibered  in  direct  sequence,  and  why  does  the  map  include  only 
the  southern  escarpmeht  of  Kinder  Scout,  <  the  Peak '  ?  In  the 
preface  the  authoress  states  that  her  object  has  been  to  make  the 
book  serve  as  an  introduction  to  the  study  of  the  science  of  geology ; 
oonsequently  the  book  treats  of  a  much  wider  subject  than  one 
might  judge  from  the  title,  and  we  are  dealing  with  a  work  on 
elementary  theoretical  geology,  with  illustrations  drawn  from  a 
certain  district  But  even  so,  the  authoress  has  not  stuck  to  her 
text,  for  the  country  illustrated  and  described  is  larger  than  the 
Peak,  and  takes  in  other  parts  of  Derbyshire  and  North  Sta£ford- 
shire.  It  had  been  better,  we  think,  to  have  given  the  book  its 
proper  title,  in  the  interests  of  the  possible  purchaser,  who,  misled 
by  the  title,  finds  himself  let  in  for  a  pot  pourri  of  bygone  and 
current  geological  views  and  speculations,  rather  than  a  description 
of  the  glorious  scenery  of  the  Peak  and  its  geology. 

Chap,  i  (pp.  1-15)  starts,  ab  initio,  with  the  nebular  hypothesis,  and 
then  proceeds  to  explain  what  is  meant  by  the  order  of  superposition, 
dutifully  reproducing  the  time-honoured  illustration  of  the  pile  of 
books.  Of  course  there  follow  tables  of  sequence  of  strata,  and  a  short 
account  of  the  greater  subdivisions  of  stratified  rocks  and  their 
contents ;  and  ^e  last  two  pages  conclude  with  a  brief  account  of 
the  1  inch  geological  map  of  the  rocks  round  Buxton,  as  seen  in- 
a  bird's-eye  view  of  the  country  from  Qrinlow.  This  is  not  perhaps^ 
the  best  way  of  oommencing  the  study  of  geology.  Miss  Dale  ia 
eminently  conservative,  and  while  mentioning  recent  views,  prefera^ 
to  take  the  1  inch  map  of  the  Geological  Survey  and  the  corresponding 
memoir  as  the  basis  of  her  work,  many  of  the  illustrations  and 
several  quotations  from  the  latter  publication  being  given. 

Chap,  ii  (pp.  16-39)  treats  of  the  Carboniferous  Limestone,  and 
includes  a  long  account  of  the  swallows  and  underground  streams 
so  common  in  limestone  districts.  Many  observations  are  open  Uy 
criticbm  ;  for  example,  we  are  told  (p.  17)  that  "it  is  unlikely  that 
such  a  pure  limestone  could  have  been  formed  near  a  land  area  of 
any  size."  The  word  '  near '  is  not  exact ;  but  limestones  are  being, 
laid  down  within  distances  of  Continental  coasts,  which  cannot  be 
said  to  be  far.  Again,  we  learn  that  above  Odin  Fissure  the  shales 
are  seen  resting  on  the  limestone  with  a  junction  which  is  called  by 
geologists  '  unconformable.'  We  have  always  regarded  this  section, 
as  evidence  of  a  small  landslip,  for  the  shales  are  certainly  not  in 
place.  At  p.  19  we  are  tuld  that  carbonate  of  lime  is  soluble  in  water 
containing  carbon  dioxide  or  any  acid.  This  is  not  chemically 
correct,  for  most  acids- decompose  Ca  Co,,  and  do  not  effect  a  simple- 
solution.  We  look  in  vain  for  any  account  of  the  stratification  of 
the  limestone  or  the  succession  of  its  beds ;  indeed,  the  amount  of 
stratigraphical  geology  in  this  chapter  is  very  small,  and  palaeontology'- 
suffers  no  less.  1  he  whole  subject  of  the  fossils  is  scamped ;  the  few- 
representations  given  had  been  better  omitted.  But  we  are  informec) 
that  figures  have  been  given  '*  that  the  collector  may  have  some  idea 
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of  tlMir  original  appearance  "  (the  italics  are  ours).  The  figures  ar)» 
somewhat  grotesque  libels  on  the  fossils.  Of  what  use  can  it  be  to 
clepiei  Produeim  giganUus — Miss  Dale  prefers  to  keep  the  fossil 
feminine — as  a  shell  If  inch  across  ?  Or  what  peculiar  charactertdtios 
oi  AwiadopeeUM  are  supposed  to  be  demonstrated  by  fig.  16,  which  ha» 
not  seemed  worthy  of  a  specific  name?  An  error  has  arisen  with 
regard  to  the  shell  called  Bhynehonella  pugnu$  (fig.  13),  which  is 
OTidently  B.  plenrodon, and  Orthis  resupinata  (fig.  14),  which  is  probably 
a  large  example  of  0.  Michelini,  but  is  certainly  not  typical  of  the 
species  it  is  supposed  to  represent.  In  all,  eight  specimens  of  various 
fossils  are  drawn  on  pi.  iii,  but  only  one  has  a  specific  name.  We  meet 
the  ouriously  inexact  statement  that  ''of  mollusca  there  are  com^^ 
paratively  few.  The  bivalve  forms  are  represented  by  several 
extinct  species  of  Pecten  and  by  an  extinct  genus  called  AvxculO' 
peeien.'*  We  have  been  told  on  the  same  page  that  **all  the 
fossils  are  the  remains  of  animals  now  extinct"  Further  on^  we  are 
told  that  **  a  genus  with  a  straight  shell  has  been  called  OrthocerasJ* 
We  would  ask  in  all  sincerity,  is  this  the  sort  of  thiug  whick 
will  help  the  study  of  geology?  Palaeontologists,  however,  need 
not  despair,  for  Miss  D^le,  speaking  of  the  Carboniferous  sea, 
telb  OS  (p.  39)  that  "  at  the  surface  and  in  the  depths  of  this  sea, 
lived  and  died  countless  numbers  of  animals  such  as  man  has  never 
seen  ";  and  in  the  orthodox  higher  flights  of  imagination  with  which 
certain  authors  have  seen  fit  in  the  past  to  close  their  accounts  of  the 
geology  of  the  Coal-measures,  we  are  told  (p.  104)  that  '*on  the 
groand  beneath  is  a  carpet  of  delicate  green,  composed  of  countless 
smaller  ferns  and  unknown  flower  less  plants,  amongst  which  dart 
lizards  and  now  and  then  a  scorpion."  One  is,  however,  tempted 
to  ask  Miss  Dale  if  the  imperfections  of  the  geological  record  are 
really  as  great  as  we  are  led  to  infer  from  these  excerpts. 

Miss  Dale  prefers  to  call  the  shales  and  thin  limestones  between 
the  grits  and  the  massif  of  limestone,  Yoredale,  and  to  them  devotes^ 
chap,  iii  (pp.  40-59).  We  note  that  she  follows  the  old  1  inch 
8orvey  map,  and  regards  the  beds  as  of  great  thickness  and  assumes 
Daults  to  account  for  any  succession  wheie  there  does  not  appear  to 
be  room  for  such  a  mass,  e.g.  along  the  line  of  the  London  and 
North- Western  Hallway.  We  are  tempted  to  ask  why  similar  faults 
are  not  necessary  on  the  eastern  limb  of  the  anticline  near  Eyani, 
and  further  south  between  Youlgrave  and  the  Grits  or  between 
the  Qrits  and  the  limestone  boundary  at  Matlock  and  Winster* 
Personally  we  think  that  the  thickness  of  this  series  has  been  greatly 
overestimated.  Is  there  also  a  series  of  Yoredale  sandstones  as  well 
as  Farcy's  grit?  We  regret  that  no  continuous  sections  of  these 
beds  from  the  various  brooks  are  given,  but  as  in  the  description 
of  the  limestone,  it  does  not  seem  to  have  been  part  ot  the 
ftothore6S*s  plan  to  give  any  original  account  of  the  local  geology^ 
The  palaeontology  of  the  shales,  a  subject  of  the  highest  importance, 
m  only  mentioned  to  be  dismissed,  and  only  one  locality  whete 
"ehiefly  species  of  OoniaiiUs,  Aviculopecten,  and  plant-remains" 
wtaod  Sound  is  given.     A  careful  search  will  reward  the  worker  in. 
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these  beds,  and  a  fairly  large  fauna,  very  widely  spread,  is  to  be 
found  in  them. 

Chap,  iv  (pp.  60-84),  on  the  Millstone  Ghrit,  strikes  us  as  one  of 
the  best  parts  of  the  book,  and  included  in  it  we  find  a  brief  aooonnt 
of  the  evolution  of  riyers.  On  p.  83  is  a  statement,  however,  whioh 
may  oause  misconoeption :  "  We  know  that  even  yet  the  Millstone 
Grit  is  of  exceeding  thickness,  although  thousands  of  feet  have  been 
removed  by  denudation."  But  Miss  Dale  surely  does  not  mean  that 
the  Grit  series  was  ever  thicker  than  it  is  at  present,  i.e.  between 
the  limits  of  the  base  of  the  Goal-measures  and  the  top  of  the  Upper 
Limestone  shales,  and  in  the  interest  of  accuracy  one  is  tempted  to 
ask— and  surely  one  has  the  right  to  do  so,  for  the  book  purports  to 
be  an  introduction  to  the  science  of  geology — how  thick  is  an  exceeding 
thickness?  Miss  Dale  is  fond  of  awe-inspiring  superlatives.  We 
are  also  told  that  the  "  Coal-measures  once  extended  over  the 
Pennine  anticline."  Did  they  ?  And  where  is  the  evidence  for  the 
great  volcanoes  which  are  said  to  have  existed  to  the  north-east 
and  on  the  higher  ground,  round  the  swamps  which  became  the 
<ioalfields? 

Chap,  v  (pp.  85-105)  treats  of  the  Coal-measures  at  length;  it 
discusses  the  fossil  botany,  various  theories  of  the  origin  of  coal,  and  the 
climate  of  the  Coal  period,  and  ends  with  a  picturesque  description 
of  the  scenery  of  the  period.  By  the  way,  why  are  we  told  "  over 
all  the  land  and  water  hangs  a  thick  pall  of  grey  cloud  "  ?  Did  not 
the  Carboniferous  flora  require  the  aid  of  the  sun  to  fix  carbon? 
One  plato  of  Coal-measure  fossils  is  given;  fig.  45  is  said  to  be 
Naiadiies,  but  the  drawing  has  no  resemblance  whatever  to  any 
species  of  that  genus ;  it  may  possibly  belong  to  Carbonicola,  though 
the  drawing  looks  more  like  iVficuZana.  Fig.  47,  a  cast  of  the  pith- 
cavity  of  the  stem  of  a  Calamite,  is  not  very  clear,  because  we  do  not 
•quite  see  how  the  pith-cavity  should  bear  fairly  large  br^iches ;  and 
should  not  the  fish  scale  be  spelled  Bhizodopsis  both  in  the  plato 
and  the  text  ? 

Chap,  vi  (pp.  106-127)  deals  with  the  Glacial  Period,  and  we 
gladly  appreciate  Miss  Dale's  local  work  on  this  subject 

Chap,  vii  is  devoted  to  post-Glaoial  deposits  and  early  Man,  and 
onds  with  an  allusion  to  Pithecanthropus  erectus. 

Chap,  viii  deals  with  the  development  of  geology  and  its  relation 
to  modern  thought,  and  in  our  opinion  is  utterly  out  of  place  in 
a  book  of  the  kind.  It  is  as  equally  unnecessary  to  allude  to  the 
past  struggles  between  knowledge  and  those  who  demanded  a  literal 
interpretation  of  the  Bible,  as  it  is  to  talk  in  a  volume  which 
purports  to  be  a  description  of  local  geology  and  scenery,  of  tran- 
scendental theology.  Timeo  Danaos  et  dona  ferentes ;  somehow  or 
other  we  distrust  textbooks  of  science  which  have  excerpts  from 
religious  books  at  the  commencement. 

The  work  of  the  book  is  unequal,  here  condescending  to  the 
almost  pedantic  explanation  of  terms,  there  dealing  with  theories 
which  have  little  or  no  application  in  the  Peak  district  proper. 
Mad  we  confess  we  cannot  quite  see  for  what  class  of  reader  this 
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diBcoraiTe  book  is  intended.  ''  Of  the  making  of  books  there  is  no- 
end,**  and  there  is  a  real  need  for  aoourate  and  thoroogh  work 
on  koal  geology  and  soenery,  bnt  a  treatise  of  very  elementary 
theoretical  geology  is  quite  another  thing.  W.  H. 


I^E!I>OI^TS     ^2Sri>     :E>SOCE8:E3IDIIfrC3-a. 


Obologioal  Sooibtt  of  London. 

L— December  19, 1900.— J.  J.H.  Teall,  Esq.,  M.A.,  F.R.S.,  President, 
in  the  Chair.    The  following  communications  were  read : — 

1.  ''  On  the  Igneous  Rocks  associated  with  the  Cambrian  Beds  of 
the  Malvern  Hills."    By  Prof.  T.  T.  Groom,  M.A.,  D.So.,  P.G.S. 

The  Cambrian  beds  of  the  Southern  Malvems  are  associated  with 
a  series  of  igneous  rocks  which  have  commonly  been  regarded  as 
Tolcanio,  but  are  probably  all  intrusive.  They  consist  of  a  seriee 
of  boeses,  dykes,  sills,  and  small  laocolites  intruded  into  the  Upper 
Cambrian  Shales  and  into  the  Hollybush  Sandstone.  The  dykes 
appear  to  be  confined  to  the  sandstones,  the  sills  and  laocolites- 
chiefly  to  the  shales,  while  the  bosses  are  found  in  both.  The  rocks 
consist  of  a  series  of  ophitio  oli vine-diabases,  a  related  series  of 
porphyritic  olivine-basalts,  and  a  series  of  porphyritic  amphibole* 
bearing  rocks  of  andesitic  habit,  but  probably  to  be  classed  with 
the  camptonites.  The  three  types  have  a  different  distribution,  and 
do  not  appear  to  be  connected  together  by  intermediate  gradations  ^ 
the  arophibole-bearing  and  the  olivine-bearing  rocks  differ  in  their 
mode  of  occurrence.  According  to  existing  analyses,  the  former 
range  in  chemical  composition  from  sub-basic  to  basic,  and  the  latter 
from  thoroughly  basic  to  ultrabasic.  All  the  rocks  have  a  local 
stamp,  but  are  probably  most  nearly  related  to  the  camptonitic 
rocks  of  the  Central  English  Midlands.  Intrusion  took  place  at 
a  period  not  earlier  than  the  Tremadoo,  and  probably  not  later 
thw  that  of  the  May  Hill  Sandstone. 

2.  "On  the  Upper  Greensand  and  Chloritic  Marl  of  Mere  and' 
Maiden  Bradley  in  Wiltshire."  By  A.  J.  Jukes-Browne,  Esq.,  B.A., 
F.G.8.,  and  John  Scanes,  Esq. 

The  district  dealt  with  is  on  the  borders  of  Wiltshire  and^ 
Somerset.    The  general  succession  is  as  follows : — 

feet. 

Lower  Chalk,  with  Chloritic  Marl  at  the  base    200 

Sands  with  calcareous  concretions  3to8 

Sands  with  siliceous  concretions  (cherts} 20  to  24 

Coarse  Greensand 15 

Fine  grey  and  buff  sands about  120 

Sandy  marlstone      16 

Grey  marl  and  clay  (Gault)  ...  90 

The  chert-concretions  and  the  sands  in  which  they  occur  consist 
Tery  laigely  of  spicules  of  lithtstid  sponges.  One  of  the  sandstone- 
beds  has  yielded  several  species  of  Ifecroearcinus,  and  may  be  tho- 
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-ohief  Bonroe  of  the  ortiBiaoea  which  have  heen  qaoted  from  th« 
WarmiDster  Qreeneand.  Above  the  chert-beds,  and  below  the 
horizon  at  which  Stauronema  Carteri  comes  in,  is  a  variable  set  of 
beds  which  include  a  layer  of  concretions  known  as  comstones  or 
popple-stones.  These  beds  are  very  rich  in  fossils,  and  include  at 
Maiden  Bradley  a  layer  of  phosphatic  nodules.  They  contain  the 
Rye  Hill  fauna  of  the  Warminster  Greensand,  and  it  is  proposed  to 
call  them  the  zone  of  Caiopygus  columbarius.  In  Southern  Wiltshire 
there  is  usually  a  complete  passage  from  this  zone  into  the  Ghloritio 
Marl ;  and  as  the  cephalopoda  of  this  zone  are  all  Chalk  Maii 
species,  the  natural  inference  from  the  local  evidence  would  be 
to  place  the  plane  of  separation  between  the  Selbomian  and 
-Oenomanian  stages  at  the  base  of  the  C,  columharim  beds.  In 
Dorset,  however,  the  break  above  these  beds  is  so  very  marked  and 
strong  that  the  authors  think  that  the  beds  with  the  Rye  Hill  fauna 
must  be  retained  in  the  Selbomian.  It  is  one  of  those  oases  in 
which  the  palsaontological  and  the  stratigraphical  breaks  do  not 
coincide. 


ll.-^an.  9,  1901.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "  The  Geology  of  South-Central  Ceylon."  By  John  Parkinson, 
Esq.,  F.G.S. 

In  this  communication  the  author  endeavours  to  give  some  account 
of  the  relations  between  the  various  granulitic  rocks  of  Ceylon. 
A  series  of  more  or  less  isolated  sections  were  studied,  the  rocks  in 
each  considered  under  separate  heads,  and  conclusions  put  forward 
relative  to  the  whole.  Two  sections  are  described  to  the  west,  and 
one  to  the  north,  of  Eandy,  in  which  the  rocks  are  of  a  well-marked 
type.  As  a  rule  they  are  strongly,  often  coarsely,  banded ;  and  the 
relation  of  the  light  and  dark  bands  is  such  as  to  leave  the  author  to 
conclude  that  this  structure  arose  ''  through  the  streaking  together  of 
the  component  parts  of  a  magma  which  had  undergone  differentiation." 
The  darker  parts  are  characterized  by  the  presence  of  green  horn- 
blende in  varying  quantity,  associated  with  brown  mica.  Locally 
garnets  are  abundant,  and  pyroxene  is  found  in  some  slides.  A  fourth 
section,  south  of  Matale,  is  of  importance,  since  it  is  believed  that 
here  a  granulitic  rock  resembling  some  described  under  the  section 
which  follows  (Section  Y)  is  intrusive  in  a  crystalline  limestone. 
Modifications  in  the  intruder  are  described,  which  are  supposed  to 
have  arisen  through  the  local  inoorporation  of  some  of  the  older  rock. 
Under  Section  V  rocks  from  Newara  Eliya,  Ohiya,  and  Bandarawella 
are  grouped  together.  These  are  often  banded  and  vary  considerably 
in  coarseness,  but  are  distinguished,  with  few  exceptions,  by 
a  greenish  colour  accompanied  by  a  greasy  lustre,  and  usually  by 
the  presence  Of  garnet  Hornblende,  magnetite,  and  biotite  are 
associated  with  this  mineral,  and  a  pleochroic  augite  is  not  uncommon. 
The  structure  of  all  the  rocks  described  is  granulitic;  that  is, 
characterized  by  the  irregularity  in  the  outlines  of  the  grains  which 
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l>oild  up  the  rock,  and  by  tbe  inclusion  of  ond  mineral  by  another. 
Porpbyritio  felspars  are  recorded  from  several  localities. 

The  author  concludes  that  tbe  rocks  of  Section  Y  are  nearly  related 
to  those  described  in  tbe  earlier  part  of  the  paper,  and  points  out  tbe 
close  resemblance  of  tbe  whole  to  tbe  Cbamockite  Series  of  Soutbem 
India. 

2.  "  Note  on  tbe  Occurrence  of  Corundum  as  a  Contact-Mineral  at 
Pont-Paul,  near  Mcrrlaix  (Finist^re)."  By  A.  K.  Coomara-Swamy, 
Esq..  B.Sa,  F.L.S.,  F.G.S. 

Tbe  intrusive  granite  of  Pont-Paul,  near  Morlaix,  contains  bigbly 
altered  fragments  of  sedimentary  rock,  llie  minerals  found  in 
tbem  are  biotite,  muscovite,  corundum  (first  recorded  by  Professor 
Barrois  in  1887),  plagioclase,  andalusite,  pyrite,  magnetite,  silli- 
nianite,  green  spinel,  and  zircon.  Tbe  corundum  forms  sharply 
idiomorpbic  tabular  bexagonal  crystals,  striated  and  sligbtly  stepped 
on  the  basal  plane,  and  blue  in  colour.  Iron-oxide  is  a  constant 
inclusion.  Tbe  inclusions  bave  probably  been  to  some  extent 
injected  witb  felspatbic  material.  Tbe  original  sediment  was 
probably  poor  in  silica  and  rich  in  alumina,  and  tbere  bas  been 
sufficient  molecular  freedom  for  tbe  formation  of  well-sbaped  crystals 
of  corundum,  comparatively  free  from  inclusions.  Sillimanite  and 
zircon  are  tbe  only  otber  minerals  wbicb  exbibit  crystalline  form. 


COErErESI^025rX)E2srOE. 

YORKSHIRE  BOULDERS. 
Sir, — Tbe  value  of  Mr.  Statber's  paper  on  tbe  sources  and  dis- 
tribution of  Yorksbire  boulders  (p.  17),  wbicb  is  very  great,  is  not 
«nbanoed  by  tbe  concluding  paragraph.  The  Scandinavian  Ice-sheet 
^eems  to  affect  some  geologists  as  King  Charles*  head  did  Mr.  Dick. 
May  I  then  ask  Mr.  Statber  two  questions :— (1)  What  route  did 
the  Scandinavian  Ice-sheet  take  when  it  anticipated  tbe  Norsemen 
by  invading  England?  (2)  What  caused  it  to  retreat  before  tbe 
advance  of  tbe  British  Ice-sheet  ?  It  was  no  doubt  very  polite  to 
give  place  to  tbe  '  weaker  vessel,'  but  as  the  British  bill  diHtricts 
are  smaller  than  and  to  the  south  of  tbe  Scandinavian,  I  should  have 
4honght  nature  would  not  bave  allowed  courtesy  to  supersede  law. 

T.  G.  Bonnet. 


FREDERICK    WILLIAM    EGAN,    B.A. 
BoKM  JuLT  31,  1836.  Died  Januabt  6,  1901. 

Mb.  Egan  was  bom  in  Dublin  on  July  31  st,  1836,  and  was  tbe 
third  son  of  tbe  late  Mr.  W.  J.  Egan,  of  Rockville,  Dnndrum. 
Receiving  bis  early  education  at  Mr.  Flynn's  school  in  Haroourt 
Street,  be  entered  Trinity  College,  where  in  due  course  he  took 
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his  degree  of  B.A.  and  a  diploma  in  Engineering.  Commencing 
professional  life  as  a  railway  engineer,  be  did  considerable  work  in 
connection  witb  tbe  Great  Nortbem,  Great  Soutbem,  and  Dublin. 
Wicklow,  and  Wexford  Batlways,  then  in  coarse  of  constmction, 
In  1868  be  quitted  tbe  somewhat  desultory  employment  of  railway 
engineer  for  a  more  permanent  position  on  tbe  staff  of  tbe  Geological 
Survey  of  Ireland,  being  appointed  assistant  geologist  on  tbe 
nomination  of  tbe  late  Professor  Jukes,  F.B.S.  In  1890  be  was 
promoted  to  tbe  grade  of  geologist  on  tbe  recommendation  of  tbe 
present  Director-General  of  tbe  Survey,  Sir  A.  Qeikie,  D.G.L.,  F.B.S. 
His  work  was  always  cbaracterized  by  tbe  great  care  be  bestowed 
on  it,  no  details  being  too  insignificant  for  bis  attention,  and  wbile 
be  did  not  seek  fame  as  an  independent  essayist,  bis  contributions  to 
tbe  Official  Memoirs  and  otber  reports  furnisb  a  mass  of  information 
wbicb  bas  often  proved  of  considerable  economic  value.  In  tbe 
Summer  of  1899  be  met  witb  an  unfortunate  accident,  being 
violently  tbrown  off  a  oar  wbile  travelling  in  tbe  execution  of  bis 
duties,  and  sustained  severe  injuries,  from  wbiob  be  never  fully 
recovered.  Some  six  montbs  ago  bis  complaint  assumed  a  malignant 
form,  wbicb  terminated  in  bis  deatb,  after  a  long  period  of  mucb 
suffering,  on  tbe  6tb  January.  In  personal  cbaracter  Mr.  Egan 
was  one  of  tbe  kindliest  and  most  lovable  of  men,  and  beyond 
tbe  circle  of  bis  own  family  and  immediate  friends  none  will 
regret  bis  loss  more  tban  bis  colleagues  of  tbe  Geological  Survey, 
to  wbom  be  was  mucb  endeared  by  bis  unfailing  amiability, 
obligingness,  and  tborougb  good-nature. — lr%9k  Ttmes,  January  lltb. 


ns^ISCEIiliJLnSTEOTJS. 


The  Dibeotob-Gbneral  of  the  Geological  Subvey  of  the 
United  Kingdom. — Tbe  announcement  bas  just  reacbed  us  (January 
15tb)  tbat  Sir  Arcbibald  Geikie  bas  intimated  bis  intention  to  retire 
from  tbe  post  of  Direotor-General  of  tbe  Geological  Survey  of  tbe 
United  Kingdom,  an  office  wbicb  be  bas  so  ably  filled  for  tbe  past 
twenty  years,  on  Marcb  1st  next.  In  1855,  at  the  age  of  20,  Sir 
A.  Geikie  became  an  Assistant  on  tbe  Geological  Survey  of  Scotland, 
and  be  was  made  Director  for  Scotland  in  1867.  In  1881  be  was 
appointed  to  succeed  Sir  Andrew  Ramsay  as  Director* General  of  tbe 
Geological  Survey  of  tbe  United  Kingdom.  He  bas  seen  forty-six 
years'  service,  but  is  now  only  in  bis  66tb  year.  (See  bis  life, 
Geol.  Mag.  1890,  p.  49.)  Early  in  Marcb  be  will  be  entertoined 
by  bis  friends  at  a  complimentary  dinner.  All  who  wisb  to  attend 
sbould  communicate  witb  Mr.  F.  W.  Rndler,  Museum  of  Practical 
Geology,  28,  Jermyn  Street,  London,  S.W. — We  rejoice  to  learn  tbat 
Sir  A.  Geikie  bas  no  intention  of  retiring  from  active  participation 
in  geological  work,  and  tbat  neitber  bis  bammer  nor  bis  pen  are  to 
be  laid  aside  for  some  years  to  come. 
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L — Son  liAKS  Basins  in  Albbbta  and  British  Coluicbia. 

67  J.  Pakkinsom,  F.G.S. 

(PLATE  VI.) 

PB  several  years  oareful  study  has  been  given  to  numerous  lake 
basins  in  England  and  elsewhere,  with  the  result  that  many 
pxeviously  oonsidered  as  rook  basins  have  not  survived  the  ordeal. 
Pfofessor  Bonney,^  who  has  always  opposed  this  hypothesis  in  the 
oaee  of  large  lakes,  has  desoribed  four  authentic  examples  from  the 
Ijepontine  Alps,  three  of  which  I  had  the  advantage  of  visiting  with 
him ;  and  some  few  weeks  before,  Mr.  Brend  ^  desoribed  others 
firom  Caernarvonshire. 

It  may  therefore  be  of  interest  to  call  attention  to  two  lakes  in 
tbe  Canadian  Bocky  Mountains  and  one  from  the  Selkirk  Bange 
which  may  lay  claim  to  the  rather  rare  distinction  of  being  true 
rock  basins.  We  will  take  the  former  first.  The  country  between 
the  Columbia  Biver  on  the  west  and  the  infold  of  Cretaceous  rock, 
known  as  the  Cascade  trough,  on  the  east  in  the  neighbourhood,  of 
Banff,  is  one  of  the  most  delightful  that  a  traveller  can  enjoy.  The 
east-bound  train  on  the  Canadian  Pacific  Bailway,  after  leaving 
the  Columbia  Biver  at  Qolden,  the  northern  end  of  the  Columbia 
Kootanie  Valley,  follows  the  course  of  the  Kicking  Horse  Biver 
nntil  the  watershed  between  the  Pacific  and  Atlantic  slopes  is 
reached  a  little  to  the  west  of  Laggan.  With  the  exception  of  a  long 
strip  of  country  between  the  Ottertail  Mountains  and  the  Yermilion 
Bange  to  the  south  of  the  Kicking  Horse  Biver,  which  is  mapped  as 
**  igneous  intrusive," '  the  whole  of  the  country  comprised  in  the 
area  specified  above  is  sedimentary.  The  line  of  the  railway  passes 
over  the  Canadian  Quartzite  series  to  Silver  City  on  the  Bow  Kiver, 
some  seventeen  miles  to  the  east  of  Laggan.  To  the  east  of  this, 
again,  lies  the  north-west  Cretaceous  fold. 

1  OsoL.  Mag.,  1898,  p.  16. 
*  Gbol.  Mao.,  1897,  p.  404. 

'  "  Rcconnaiiwance  Mad  of  a  portion  of  the  Rocky  Mountains  between  49^  and 
6VW  " :  Canada  Oeol.  Snry.,  1885. 
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The  geological  Btractore  of  this  district  is  described  by  Mr.  B.  Q. 
McConnell,*  and  it  will  be  sufficient  to  refer  to  the  salient  points. 
Mr4  McConnell  divides  this  region  into  two  nearly  equal  parts^ 
taking  the  western  side  of  the  Sawback  Range  as  the  line  of 
division.  To  the  east  of  this  line  the  dip  is  consistently  to  the 
west,  due  to  the  fact  that  a  thrust  from  that  direction  has  produced 
a  series  of  roughly  parallel  ridges,  which  have  been  "  tilted  and 
shoved  over  one  another  into  the  form  of  a  westerly  dipping 
compound  monocline."  Bundle  and  Cascade  Mountains,  near  Banff, 
are  examples  of  this  type.  On  the  western  side  as  far  as  the 
Columbia  Biver  no  reversed  faults  are  found,  and  "  ordinary  and 
overturned  folds  play  the  most  important  role.*'  The  lakes  which 
form  the  subject  of  the  present  note  lie  in  the  latter  division  some 
two  miles  to  the  west  of  Laggan  (5,008  feet).  They  are  three  in 
number.  Lake  Louise,  the  largest,  a  mile  and  a  quarter  long,  lies 
at  a  height  of  5,645  feet  above  sea-level,  and  Lakes  Mirror  and 
Agnes,  overlooking  their  larger  confrere,  at  heights  of  6,500  feet 
and  6,820  feet  respectively.  They  have  been  described  from  the 
point  of  view  of  the  explorer  and  climber  by  Mr.  Walter  D.  Wilcox, 
in  his  interesting  and  admirably  illustrated  book  ''  The  Canadian 
Bockies,"  from  which  the  figures  in  PL  VI  are  taken.  At  the  end  of 
this  work  an  excellent  map  of  this  region  is  given,  and  he  has  also 
recently  published  a  contour  map  and  detailed  study  of  Lake 
Louise.'  Mr.  Wilcox  refers  to  Lake  Agnes  as  being  certainly  a  rook 
basin,  and  remarks  elsewhere  ^  that  only  two  rock-basin  lakes  were 
observed  by  him,  "  one  of  which  was  a  typical  cirque  lake,"  no 
doubt  Lake  Agnes.  This  little  lake  is  about  a  third  of  a  mile  long 
and  about  150  yards  across,  and  is  surrounded  on  three  sides  by 
mountains.  The  upper  end  is  a  cirque,  its  terminations  culminating 
in  two  horn-like  peaks.  This  occupies  the  upper  third  of  the  cliff, 
the  middle  third  is  precipitous  rock,  the  lowest  talus.  On  the  left 
bank  the  mountain  slopes  are  steep.  A  peculiar  dome-shaped  hill, 
the  Beehive,  7,350  feet,  and  ridge,  a  continuation  of  the  same,  form 
the  right  bank  of  Lake  Agnes  and  overlook  the  left  bank  of  Lake 
Louise.  The  shape  of  the  lake  is  modified  by  talus,  but  there  is 
no  possibility  of  hidden  outlet,  nor  can  we  find  sign  of  glacial 
deposits.  The  opening  of  this  sack-shaped  valley,  with  its  tiny  lake, 
is  wide,  and  formed  of  thickly  bedded  quartzite.  The  outflow  stream 
is  nearer  the  left  bank  of  the  lake,  and  the  rock  floor  slopes  gently 
down  to  it.  A  shallow  groove  has  been  worn  away  in  the  quartsile, 
and  the  dischaige  stream  empties  as  a  small  waterfall  into  Mirror 
Lake  below.  The  latter  is  rather  less  satisfactory  from  the 
geologist's  point  of  view.  It  is  circular  in  shape  and  about 
150  yards  in  diameter  for  the  most  part,  no  doubt  surrounded  by 
live  rock,  but  modified  in  shape  by  talus  and  quite  possibly  by  some 
glacial  deposits.     Whether   the  latter  have  dammed  the  exit  is 

^  Canada  Geol.  Suit.,  1886^  n.s.,  vol.  ii,  p.  310. 

'  '*A  Type  of  Lake  Formation  in  Canada":  Journ.  Geol.  Chicago,  vol.  vii  (1899;, 
p.  253. 
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diffionlft  to  say,  unless  sonndings  were  taken,  but  live  rook  (quartzite) 
ontorops  on  the  trail  leading  down  to  Lake  Lonise,  not  far  below  the 
lerel  of  Mirror  Lake.  No  exit  stream  can  be  found,  and  the  over- 
flow is  said  to  find  its  way  to  Lake  Louise  by  underground  channels ; 
a  statement  I  see  no  reason  to  doubt,  but  the  fact  is  unfavourable  to 
the  hypothesis  that  Mirror  Lake  is  a  true  rock  basin. 

The  valley  in  which  Lake  Louise  lies,  850  feet  below,  is  clearly 
blocked  at  the  lower  end  of  the  lake  by  drift,  but  Wilcox  states  that 
the  bottom  of  Lake  Louise  is  230  feet  below  the  very  lowest  part  of 
its  dam,  and  the  lower  surface  of  its  glacier  mast  have  ascended  this 
slope  upon  entering  the  Bow  Valley.  It  is  possible,  then,  that  the 
lake  is  a  true  rock  basin. 

One  other  example,  also  of  a  dubious  nature,  remains  to  be 
mentioned,  viz.,  that  from  the  Selkirks,  near  the  Great  Glacier, 
and  some  1,500  feet  above  the  station  of  Glacier  on  the  C.P.R., 
direotly  overlooking  the  valley.  It  is  called  Lake  Marian.  Moun- 
tains rise  abruptly,  with  talus  strewn  around  their  bases  for  nearly 
half  ihe  circumference  of  the  lake ;  in  front,  where  the  pine-clad 
dopes  plunge  down  to  the  valley  beneath,  a  quartzite  outcrops. 
This,  or  a  crushed  grit,  is  the  common  rock  of  the  ascent  from 
Glacier,  with  some  outcrops  of  broken  silvery  slate.  On  the  re- 
maining (eastern)  side  live  rock,  if  it  exists,  is  concealed  by  surface 
fioil  and  undergrowth,  and  the  level  is  low.  At  first  I  thought  Lake 
Marian  to  be  a  true  rock  basin,  but  subsequent  reflection  inclines 
me  to  the  belief  that  glacial  deposits  may  exist.  The  slopes  on  the 
sooth-eastern  side  of  the  lake  in  the  direction  of  Mount  Abbott  are 
not  precipitous,  and  it  is  possible  that  here  a  glacier  left  material 
suificient  to  retain  the  water. 

We  are  left,  therefore,  with  but  one  clear  and  certain  example 
of  a  rock  basin,  and  it  remains  but  to  consider  as  briefly  as  may 
be  what  causes  operated  in  its  formation.  And  firstly,  difi'erential 
earth  movements,  as  suggested  by  Mr.  Brend  for  the  Oaemarvonshire 
tarns,  may  be  considered.  The  bedding  of  the  rocks  forming  the 
walls  of  the  lake  is  remarkably  well  defined,  and  not  far  removed 
from  the  horizontal,  but  on  looking  at  the  right  bank  from  an 
advantageous  position,  it  becomes  apparent  that  a  slight  dip  up  the 
lake  exists  which  is  greater  at  the  lower  than  at  the  upper  end.  As 
the  change,  though  slight,  is  abrupt,  a  small  fault  probably  exists 
at  this  point. 

The  cirque  is  no  doubt  pre-Glacial,  but  it  is  possible  that  the 
<M>nfiguration  of  the  country  has  been  altered  in  quite  late  times. 
Dr.  J.  W.  Spencer,  in  his  well-known  work  on  the  "  Origin  of  the 
Basins  of  the  Great  Lakes  in  America,"*  has  demonstrated  <  terrestrial 
warpings '  more  recent  than  the  episode  of  the  Upper  Till.  On  the 
western  side  of  the  continent  Dr.  G.  M.  Dawson '  mentions  terraces 

*  Quart.  Joorn.  Geol.  Soc.,  vol.  xlri  (1890),  p.  530. 

^  *'The  Superficial  Geology  of  Britiflh  Columbia":  Quart.  Joum.  Qeol.  Soc., 
vol-  xniT  (1878),  p.  89.  See  also  Dr.  G.  M.  Dawson,  "  On  the  Physiograpkical 
Geology  of  the  Kocky  Mountain  Region  in  Canada'* :  Trans.  Roy.  Soc.  Canada, 
wL  vm  (1890),  sect.  4,  p.  68. 
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on  the  Fraser  and  Thompson  BiTers  in  Britiah  Colombia,  from 
2,400  to  3,000  feet  Of  these  he  says :  "  Many  of  the  higher  are 
aoonmulations  along  the  shore  of  a  great  sheet  of  water;  most  of  the 
lower  have  been  carved  out  of  deposits  which  at  one  time  filled 
the  valleys  from  rim  to  rim,  and  more  or  less  completely  levelled 
np  the  broken  surface  of  the  ooantry,  by  the  gradually  receding 
waters  of  a  lake  or  of  the  sea,  and  eventually  by  the  rivers  them- 
selves deepening  their  channels  to  their  old  pre-Glacial  levels" 
(p.  112).  He  concludes  that  the  interior  of  British  Columbia  was 
submerged  4,000  to  5,000  feet  during  the  formation  of  the  Boulder- 
day  (p.  108). 

The  second  hypothesis  ascribes  sufficient  erosive  power  to  a  glacier 
in  descending  a  sharp  declivity  such  as  the  cirque  at  the  head  of 
Lake  Agnes.  Such  plunging  action  is  appealed  to  by  Professor 
Bonney  to  explain  the  rock  basins  of  Lakes  Cadagno,  Tremorgio, 
and  oUiers  on  the  Lepontine  Alps.  In  the  case  of  Lake  Agnes 
a  glance  at  the  map  shows  that  here  is  ample  gathering-ground  for 
ice.  The  line  of  Uie  Continental  watershed  lies  a  mile  and  a  half 
to  the  west,  with  summits  ranging,  in  the  case  of  Pope's  Peak,  to 
9,595  feet  Mount  St  Piran,  to  the  north,  has  a  height  of  8,580  feet 
These  between  them  form  the  north  and  north-north-west  walla 
of  the  tarn.  If  any  erosive  action  can  be  ascribed  to  ice,  the 
present  instance  would  afford  an  excellent  opportunity  for  the 
display  of  its  power,  and  it  is  quite  possible  that  this  is  the  true 
explanation. 

At  the  time  of  my  visit  to  Lake  Agnes  a  third  possibility 
occurred  to  me  which  may  have  some  value,  at  least,  as  a  con- 
tributory cause.  The  quartzite  forms  the  lower  bed  in  the  walls 
of  the  lake,  and  must  also  occupy  its  floor,  for  the  little  waterfall 
of  discharge  passes  over  it  for  some  distance  below  the  level  of  the 
lake  surface.  The  superincumbent  beds  are  of  a  slaty  nature,  rather 
finely  bedded,  and  broken.  This,  taken  in  conjunction  with  the 
dip  of  the  whole  up  the  lake,  seemed  to  me  to  make  it  at  least 
possible  that  the  ordinary  agents  of  denudation  in  working  out  the 
valley  and  its  cirque-like  head  might  form  a  basin  which  would 
retain  water,  simply  from  the  fact  that  there  was  a  greater  thickness 
of  less  resisting  material  at  the  upper  than  at  the  lower  end.  I  put 
this  on  record  merely  as  a  suggestion,  but  we  may  perhaps  suppose 
some  such  process  as  the  following.  In  early  days  the  vidley  would 
incline  steeply  down  to  its  lip,  its  bottom  occupied  by  a  stream 
attaining  at  certain  times  of  the  year  to  the  dignity  of  a  torrent  of 
some  dimensions.  When  worn  down  at  its  lower  end  to  the  level 
of  the  more  resisting  quartzite,  the  erosive  action  of  the  water  would 
be  checked  at  that  point,  but  the  constant  freshets  concentrated  on 
its  upper  end  by  reason  of  the  cirque-like  disposition  of  the  cliff 
would  prevent  the  removing  power  of  the  water  being  materially 
lessenea  at  the  valley  head.  This  process  would  go  on  possibly 
with  increasing  slowness,  but  with  a  tendency  analogous  to  that 
ascribed  to  a  glacier  in  descending  a  steep  slope. 

My  sincere  thanks  are  due  to  Professor  Bonney  for  his  kindnesa 
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in  reading  the  manasoript  of  this  paper,  and  for  many  valaable 
^iigg^tions. 

DESCRIPTION  OF  PLATE  VI. 

Fio.  1. — ^Photo^ph  taken  from  the  glacial  deposits  at  the  lower  end  of  Lake  Lonise, 
and  looking  towards  Lakes  Agnes  and  Biinror.  The  cirque  at  the  head  of  the 
fonner  is  well  seen.  The  rounded  promontory  in  front  of  the  cirque  is  the 
'*  Beehive."  To  the  ri^ht  of  this  lies  Mirror  Lake,  its  position  concealed  hy 
the  ii|»per  part  of  the  belt  of  forest.    The  point  x  is  the  same  in  both  figures. 

Fig.  2. — Mirror  Lake.  The  waterfall  of  discharge  from  Lake  Agnes  is  the  white 
speck  amongst  the  trees  below  the  mark  x . 


IL — A   SHOBT   AOOOUNT    OF    A    BONB    GaVS    IN    THE    GaRBONIFBROUS 

Limestone  of  the  Wye  Valley. 

By  DoBOTHT  M.  A.  Bate. 

ArHE  bones  of  Pleistooene  mammals  and  birds,  a  list  of  some  of 
X  which  is  given  below,  were  found  in  a  small  cave  in  an  out- 
lying  part  of  the  Forest  of  Dean,  close  to  the  river  Wye,  where  it  is 
^nked  by  steep  and  wooded  hills  that  rise  abruptly  from  either 
batik.  At  short  intervals  along  the  sides  of  these  hills  limestone 
•cliffs  and  boulders  stand  out  bare  and  white  among  the  surrounding 
treea.  The  slopes  below  are  strewn,  and  in  places  completely 
oovered,  with  pieces  of  rock  of  all  sizes  that  are  continually  becoming 
loosened  and  fall  from  the  outstanding  crags  above,  in  which  are 
nnmeroQs  cracks,  holes,  and  caves,  the  last,  as  a  rule,  being  only  of 
small  size. 

The  mouth  of  the  cave  in  which  these  remains  were  found  is 
situated  half-way  up  the  face  of  one  of  the  cliffs.  It  is  completely 
oonoealad  from  view  by  a  thick  growth  of  trees  and  bushes.  This 
probably  accounts  for  its  being  little  known  and  not  previously 
explored  for  animal  remains,  though,  unfortunately,  several  human 
jaw-bones  lying  on  the  floor  of  the  cave  were  taken  away  by  some 
boys  while  searching  for  jackdaws'  nests.  Some  time  ago  the 
greater  part  of  the  floor  was  dug  up  by  miners  looking  for  iron-ore. 
This  was  a  most  unfortunate  occurrence,  as  in  this  way  the  position 
of  the  upper  layers  of  earth  and  rock  forming  the  floor  of  the  cave 
has  been  considerably  obscured.  At  the  same  time  the  bones 
contained  in  these  deposits  were  mixed,  specimens  undoubtedly 
differing  greatly  in  age  being  found  in  close  proximity ;  furthermore, 
some  of  the  bones  of  species  now  living  bore  a  very  fresh  appearance. 

The  walls  of  the  cave  have  not  been  disturbed,  for  here  numerous 
minute  bones  are  found  in  a  good  state  of  preservation.  These  were 
lying  even  in  exposed  situations  where  they  might  easily  have  been 
destroyed.  This  is  perhaps  the  most  curious  feature  of  the  cave,  for 
at  its  inner  end  on  every  ledge  and  in  every  crevice  were  found 
small  bones,  most  of  them  belonging  to  one  or  other  of  the  smaller 
species  of  voles  and  mice.  These  remains  have  disappeared  from 
the  ledges  near  the  entrance,  doubtless  on  account  of  exposure  to 
wind  and  wet,  and  to  the  presence  of  jackdaws,  which  nest  in  large 
numbers  in  all  the  cliffs. 
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The  oave  consists  of  two  chambers,  the  larger  of  which 
penetrates  the  cliff  for  about  thirty  yards,  only  decreasing  slightly  in 
size  from  the  entrance,  which  is  large.  The  floor  is  partially  covered 
with  a  layer  of  earth,  which  in  one  place  is  about  a  foot  and  a  half 
thick.  As  already  remarked,  its  original  disposition  has  been  more 
or  less  altered  by  the  workings  of  the  miners.  This  earth  contained 
great  quantities  of  small  skulls  and  bones,  the  commonest  among 
them  belonging  to  Mtcrotus  agrestis  and  M,  amphibius. 

Owing  to  lack  of  time  I  was  unable  to  penetrate  below  this  earth 
except  where  some  of  the  rock  had  already  been  removed.  Portions 
of  the  walls  several  feet  above  the  present  level  of  the  floor  are 
encrusted  with  numberless  small  bones,  impossible  to  extract  in 
good  condition  owing  to  the  hardness  of  the  limestone.  If  pieoes 
of  rock  were  broken  away  similar  bones  were  certain  to  be  found 
loose  in  any  soft  or  crumbly  places.  In  fact,  they  were  plentiful 
throughout  the  cave — in  the  earth,  on  the  ledges,  in  the  walls, 
and  even  on  the  surface  of  the  floor.  The  bones  embedded  in 
the  rock,  as  well  as  those  concealed  in  the  earth,  were  found 
extending  right  up  to  the  mouth  of  the  cave.  These  must  have 
accumulated  at  a  time  when  the  cave  was  considerably  larger  than  it 
now  is.  This  it  undoubtedly  was  at  one  time,  for,  as  the  face  of  the 
cliff  has  gradually  been  worn  away,  the  slope  below  has  become 
strewn  with  fragments  of  rock  of  all  sizes.  Another  proof  of  this  is 
that  in  its  present  state  it  would  be  impossible  for  such  animals 
as  sheep  and  deer  to  reach  the  oave.  Yet  the  bones  of  these  animals, 
and  of  others  for  whom  it  would  be  as  difficult  of  access,  are  found 
buried  in  the  earth.  It  is  now  evidently  inaccessible  to  foxes  and 
badgers,  as  there  are  no  holes  used  by  them  here,  although  they 
are  to  be  seen  in  almost  every  other  cave  I  have  visited  in  the 
district 

The  smaller  chamber  opens  into  the  main  cave  near  the  inner  end 
of  the  latter,  and  runs  almost  parallel  with  it  towards  the  face  of  the 
cliff.  It  has  now  no  direct  connection  with  the  outside,  although 
there  is  an  opening  in  the  cliff  with  which  it  was  probably  formerly 
oonnected.  It  is  possible  that  the  present  entrance  has  only  lately 
been  made.  The  roof  is  very  low,  forcing  one  to  crawl  on  hands 
and  knees.  Part  of  the  floor  has  been  disturbed  in  the  same  way  as 
in  the  outer  chamber,  but,  unlike  it,  there  is  little  of  the  earth  in 
which  the  greater  number  of  the  small  bones  were  found.  Probably 
the  real  mouth  of  this  cave  has  been  closed  up  by  the  roof  at  this 
point  giving  way,  the  rock  having  been  loosened  by  water.  At  the 
end  nearest  the  face  of  the  cliff  there  is  always  a  certain  amount  of 
water  to  be  seen  dripping  from  the  wall.  The  rock  over  whidi  it  runs 
down  to  the  level  of  the  floor  has  been  formed  into  a  series  of  ridges, 
somewhat  resembling  those  left  on  the  sand  by  the  receding  tide, 
though  they  differ  in  being  higher  and  sharper  and  closer  together. 
Thb  has  a  very  striking  appearance  when  a  light  is  thrown  on 
its  ribbed  surface,  which  looks  black  and  highly  polished,  and  is 
always  glistening  with  moisture.  Wherever  this  water  penetrates 
it  leaves  a  deposit  of  stalagmite,  which  causes  the  rock  to  become 
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extremely  hard,  thus  making  any  exoaTation  a  difficult  task,  and  in 
Bome  places  it  is  impossible  to  detach  bones  from  the  rook  intact. 

The  cave  contained  the  teeth  and  jaw-bones  of  six  small  mammals 
that  are  now  extinct  in  Great  Britain*  These  are :  Microius  ratHceps, 
ML  arvMs^  M,  mvalisy  Lemmus  lemmu8,  Dierostonyx  ( =.Myodes)  iorquatus, 
and  Ochototia  {^^Zagomys)  pusiUua.  At  the  present  day  these  species 
are  found  chiefly  in  colder  and  more  northern  countries,  the  pika 
being  confined  to  the  steppe  regions  of  Eastern  Europe  and  Siberia. 
No  remains  of  the  reindeer  or  other  large  northern  forms  were 
found,  though  from  the  presence  of  the  lemmings  and  some  of  the 
▼oles  this  might  have  been  expected.  Bemains  of  the  reindeer  and 
mammoth  have  been  taken  from  a  somewhat  similar  cave  situated 
not  two  miles  distant.  See  British  Museum  (Natural  History)  Coll. 
Bemains  of  the  following  animals  were  found  in  this  cave : — 
Homo, — ^I  have  already  mentioned  that  some  jaw-bones  were  found 
OB  the  floor  of  the  cave,  but  I  have  been  unable  to  secure  one  or  to 
traoe  their  present  whereabouts.  I  procured  one  clavicle,  several 
vertebrsB,  and  a  number  of  digital  phalanges.  The  only  implements 
fomd  were  a  bone  needle,  or  hairpin,  and  a  portion  of  a  copper  ring. 


Bone  needle,  one-third  lees  than  original  specimen. 

llie  needle,  which  Sir  Henry  Howorth  considers  belongs  to  the 
Bronze  Age,  is  a  very  fine  specimen  in  a  perfect  state  of  preservation. 
It  is  five  inches  in  length  and  has  a  circular  hole  pierced  through 
its  broader  end,  from  which  it  gradually  tapers  to  a  blunt  point. 
The  larger  end  has  the  appearance  of  having  been  cut  straight  across 
with  some  sharp  instrument. 

Bkinolophus  hipposideros. — Two  lower  jaw-bones  and  a  portion 
of  one  skull  of  this  bat  were  among  the  remains  found  in  the  cave. 

Taipa  Europisa. — One  upper  jaw  of  this  species  and  two  mandibular 
rami  were  found  in  the  cave  together  with  several  pelvic  bones. 
There  is  a  considerable  difference  in  the  size  of  these  two  rami,  one 
of  whiob,  the  larger,  still  retained  a  milk  tooth.  Fossil  remains  of 
this  mole  have  been  found  in  the  Norfolk  Forest  Bed  as  well  as  in 
Pleistocene  deposits.  Mr.  W.  J.  Lewis  Abbot  found  numerous 
bones  belonging  to  this  species  in  the  Ightham  fissure  in  Kent. 

8orex  araneus. — ^The  upper  jaws  of  the  common  shrew  were 
hirlj  {dentiful,  one  or  two  skulls  being  found  in  an  almost  perfect 
state  of  preservation.  They  varied  much  in  size,  a  considerable 
difference  being  noticeable  between  the  largest  and  the  smallest 
q>eoimens  obtained.  The  lower  jaw-bones  were  less  numerous; 
perfaape  on  account  of  their  small  size  they  were  easily  passed  over 
when  buried  in  the  earth.  Less  than  half  a  dozen  were  secured,  all 
of  them  retaining  ther  full  number  of  teeth.  Remains  of  this  shrew 
bmw9  been  found  in  the  Forest  Bed  and  in  caves. 
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Neomys  ( =  Cro88<^^)  fodiens. — One  npper  jaw  of  tbe  water-shrew 
was  found  which  still  retained  its  full  number  of  teeth.  Its  remains 
have  occurred  in  the  Norfolk  Forest  Bed. 

MicTOtuB  amphihius, — Jaw-bones  and  portions  of  skulls  of  the  water- 
vole  were  numerous  in  the  cave  earth.  Many  of  the  rami  were 
preserved  in  an  almost  perfect  condition.  Its  remains  have  been 
found  in  Pleistocene  deposits  and  in  a  number  of  caves  in  England. 

Mierotus  agrestis. — Remains  of  the  field-vole  were  more  plentiful 
than  those  of  any  other  of  the  species  found  in  the  cave.  Similar 
remains  have  been  found  in  many  caves  in  England.  This  vole 
is  still  living  in  Britain  and  extends  over  the  middle  and  north  of 
Europe,  being  commoner  in  the  northern  part  of  its  range. 

MicrotuB  rattieepB. — One  or  two  portions  of  skulls  and  about 
a  dozen  rami  of  the  northern  vole  were  found  in  this  cave,  and 
agree  with  recent  specimens  in  the  British  Museum.  In  a  few  of 
the  lower  jaw-bones  the  teeth  resemble  the  figure  of  M.  gregalU 
given  by  Dr.  Nehring  in  a  paper  published  in  1875,  but  the  presence 
of  intermediate  forms  between  this  and  the  typical  JIf.  ratticeps  makes 
it  probable  that  all  in  this  series  ought  to  be  referred  to  the  latter 
species.  Fossil  remains  of  M.  raiiieepa  have  been  found  in  England 
in  the  river  deposit  at  Fisherton,  in  caves  in  Somersetshire,  and  in 
the  Ightham  fissure  in  Kent  It  no  longer  occurs  in  Great  Britain, 
but  is  now  found  in  Northern  Europe  and  Siberia. 


Fig.  1. — Palatal  view  of  Bkull  of  OehoUma  {Lagomyt)  pusiUu*, 

Fio.  2. — Donal  aspect  of  part  of  skull  of  Lieroatonyx  {Myoden)  torquatut. 

Fio.  3. — ^View  of  upper  molars  of  Dierostonyx  (Myodes)  torquatua. 

Figs.  4-6. — ^View  of  lower  molars  of  Dicrottonyx  {Myodet)  torquatut. 

Figs.  7,  8. — ^View  of  (7)  lower  and  (8)  upper  molars  of  Lemmus  {Myodet)  kmmut. 

MicrotuB  arvaliB. — Several  jaw-bones,  upper  and  lower,  may  be 
referred  to  this  species.  Their  upper  teeth  are  easily  distinguished 
from  those  of  Jf.  agreBtiB  by  the  character  of  the  second  molar,  but 
the  lower  teeth  of  these  two  species  resemble  each  other  very  closely. 
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Benudns  of  this  field-Tole  have  beeo^G^i^jfi^^&f^^  and  in 

fitsiires  near  Frome  and  at  Ightham.  ltl>  noJoagciTliving  in  Qreat 
Britain,  bat  ia  the  oommonest  field- vole  of  Central  Europe,  its  range 
extending  as  far  as  Western  Siberia. 

Microitu  ntvalis. — ^Two  mandibular  rami,  whioh  I  have  compared 
with  recent  specimens  in  the  British  Museum,  are  referred  to  this 
epeoieB.  A  third  might  possibly  also  belong  to  this  vole,  but  is  too 
imperfect  to  admit  of  certain  identification.  At  the  present  daj  it 
is  not  found  in  Britain,  but  inhabits  the  Alps  of  Central  Europe, 
where  it  is  not  found  at  a  lower  elevation  than  3,000  feet  above  Uie 
eea-Ievel.  By  Dr.  Selys  Longohamps  it  is  said  to  occur  in  the 
Pyrenees,  and  may  possibly  also  be  found  elsewhere.  The  only 
record  of  the  fossil  remains  of  this  species  being  found  in  England 
is  that  of  Messrs.  Blackmore  and  Alston,  who  doubtfully  referred 
to  this  species  a  jaw-bone  found  in  the  river  deposit  at  Fisherton, 
near  Salisbury  (P.Z.S.,  June,  1874). 

Eooiomy»  (  =  MicrotuB)  glareolw. — Part  of  one  skull  and  several 
mandibular  rami  of  the  bank-vole  were  found  in  the  cave  earth. 
In  one  or  two  of  the  rami,  whioh  belonged  to  immature  animals, 
the  teeth  had  not  yet  developed  roots.  Its  remains  have  been  found 
in  the  Forest  Bed,  in  many  caves,  and  in  Pleistocene  river  deposits. 
At  the  present  day  its  range  extends  to  the  Arctic  circle. 

Lemmus  (  =  Myodes)  lemmiu. — Portions  of  five  upper  jaws  of  the 
Norwegian  lemming  were  found  in  the  earth  together  with  eight 
lower  jaw-bones,  only  one  of  which  contained  the  full  number  of 
teeth.  This  species  is  no  longer  found  in  Britain,  its  range  at  the 
present  day  being  confined  to  the  Scandinavian  peninsula  and 
Bussian  Lapland.  Its  remains  have  been  found  in  a  cave  in 
Somersetshire  and  in  the  Ightham  fissure  in  Kent. 

BieroBtonyx  torquaUu. — Nearly  a  dozen  well-preserved  mandibular 
rami  of  this  species  were  found,  but  only  a  portion  of  one  upper 
jaw.  The  Arctic  lemming  occurs  in  the  Pleistocene  of  England 
and  the  Continent,  but  is  now  entirely  confined  to  the  Arctic  regions. 

OchoUma  (  =  Lagomys)  pusillua. — Portions  of  eight  or  nine  skulls 
of  this  species  were  found  together  with  nineteen  lower  jaw-bones. 
Tlie  remains  of  this  tailless  hare  are  interesting,  as  no  representative 
of  the  family  is  found  in  the  British  Islands  at  the  present  day. 
This  pika  now  only  inhabits  Eastern  Russia  and  Siberia.  Its  fossil 
remains  have  been  procured  from  several  other  caves  in  England : 
at  Bleadon,  Brixham,  and  Kent's  Hole. 

ZepuB  HmiduB  (Z.  variabiltB). — Portions  of  a  skull  and  lower  jaws, 
both  retaining  teeth,  are  referred  to  this  species.  Remains  of  the 
mountain  hare  have  been  found  in  several  caves,  in  the  Mendip 
Hills,  and  at  Enockninny  and  Shandon  in  Ireland. 

MuB  BylvaHeuB. — Eighteen  lower  jaw  bones  and  portions  of  about 
•even  or  eight  skulls  are  referred  to  this  species,  which  is  still  found 
widely  distributed  over  temperate  Europe,  and  extending  to  Western 
Siberia  and  the  Caucasus.  Its  remains  have  been  fbund  in  the 
Forest  Bed  and  at  West  Runton,  Norfolk. 

A  great  number  of  small  limb  bones,  most  of  which  probably 
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belong  to  the  small  rodents,  were  found  scattered  over  the  oave 
and  buried  in  the  earth  with  the  other  remains.  Some  other 
remains  are  referred  to  the  dog,  sheep  (which  appears  to  have  been 
considerably  smaller  than  the  ordinary  domestic  Tariety),  a  species 
of  small  deer,  several  bones  of  Bana  temporaria,  and  three  snail 
shells,  probably  Helix  hortensis.  Dr.  Andrews  kindly  identified 
the  remains  of  birds  found  in  the  cave.  They  belong  to  five 
species,  remains  of  all  of  which  have  occurred  in  other  caves  in 
Britain.  They  are  Turdus  sp.,  probably  Turdus  viseivorue,  pigeon  sp., 
Anas  bosehas,  Lagopus  seoUcus,  and  Perdix  perdix. 

I  wish  to  express  my  thanks  to  Dr.  Andrews  and  Dr.  Forsyth 
Major  for  the  very  kind  and  valuable  help  I  have  received  from 
them,  especially  in  assisting  me  to  determine  the  extinct  forms, 
and  also  for  Dr.  Forsyth  Major's  kind  advice  in  selecting  thoM 
which  have  been  figured  in  the  text 

III. — ^WOODWABDIAK      MUSBUM      NoTBS  *.       SaLTEB's      UnDBBOBIBSD 

Species.     IIL 

By  F.  R.  CowPBR  Rbkd,  M.A.,  P.G.S. 

(PLATE  VII.) 

Phacops  {Odontocheile)  caudalus,  var.  corrugatuSy  Salter.     (PI.  VII, 

Figs.  1,  2.) 
1S73.     Salter :  Cat.  Camb.  Sil.  Fobs.  Woodw.  Mus.,  p.  93  {a  461). 

There  are  six  specimens  of  this  variety  in  the  Woodwardian 
Museum,  all  of  which  come  from  the  Woolhope  Limestone,  of 
Littlehope,  and  were  labelled  by  Salter.  Five  of  them  are  more 
or  less  perfect  head-shields,  and  the  other  is  a  pygidium  in  a  good 
state  of  preservation. 

The  head-shield  shows  the  general  characters  of  Ph.  eaudaitu, 
var.  a,  vulgaris,^  but  the  arrangement  of  the  tubercles  on  the  frontal 
lobe  of  the  glabella  is  peculicir,  and  resembles  that  of  ChcLswMps,  for 
they  form  a  V-shaped  pattern,  six  or  seven  large  tubercles  com- 
posing each  arm  of  the  V.  The  arms  of  the  V  enclose  an  angle 
of  about  30^  to  40^.  A  few  other  large  tubercles  occur  on  the 
frontal  lobe  close  to  the  V,  and  starting  from  its  apex  show  aa 
obscure  radial  arrangement.  The  margin  of  the  head-shield,  where 
the  shell  is  preserved,  exhibits  an  ornamentation  consisting  of 
closely-set,  rather  coarse  granulations.  The  front  margin  is  pro- 
duced into  an  obtuse  point. 

The  main  characters  of  the  pygidium  are  similar  to  those  of  the 
typical  variety  of  Ph,  caudatus.  The  axis,  however,  shows  ten 
distinct  rings  with  a  less  distinct  eleventh  one,  and  a  short,  faintly 
annulated,  terminal  pieoe.  The  rings  are  less  strongly  defined  in 
the  middle,  owing  to  the  transverse  furrows  being  comparatively 
weak  in  the  middle  while  deeply  impressed  at  the  sides. 

On  the  fourth  and  seventh  axial  rings  is  a  pair  of  small  oval  areas, 
slightly  raised  above  the  general  surface  and  finely  pitted  (the 
so-called  'cutaneous  glands'  of  Salter,  op.  cit).     There  are  &int 

»  Salter:  Mon.  Brit.  Trilob.  Pal.  Soc,  1864,  p.  61. 
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isioet  of  similar  'glands '  on  several  of  the  other  rings.  The  whole 
axis,  as  well  as  the  lateral  lobes,  is  also  ornamented  with  minute  pits. 
The  lateral  lobes  show  seven  distinct  pairs  of  pleurss,  ending 
ahraptly  on  the  smooth  narrow  margin,  bat  separated  by  strongly 
raised  ridges.  The  surface  of  each  pleura  is  excavated,  and  bears 
a  farrow,  in  front  of  which  the  surface  is  sharply  ridged  up. 
The  furrow  is  close  to  and  nearly  parallel  to  the  posterior 
edge  of  the  pleura.  On  the  ridge  along  the  anterior  edge  of  the 
fonow  on  eaoh  pleura,  there  is  a  soH)alled  'cutaneous  gland' 
situated  similarly  to  those  figured  by  Salter  ^  for  Ph.  caudatus.  On 
the  first  pleura  this  gland  is  near  the  axis ;  on  the  second  it  is  near 
the  outer  extremity ;  on  the  third  it  is  placed  half-way  along  the 
length  of  the  pleura ;  and  on  the  fourth  it  is  near  the  axis.  Those 
on  the  fifth,  sixth,  and  seventh  pleurad  repeat  the  arrangement  of 
the  second,  third,  and  fourth.  A  few  tubercles  are  also  found 
scattered  irregularly  over  the  lateral  lobes.  The  pygidial  margin 
was  produced  posteriorly  into  an  aculeate  mucro,  but  it  is  broken 
off  short  in  our  specimen. 

MSASUBKHXNTS. 

mm. 

Lengtii  of  pygidiom        22*0  (rnmia  mucro). 

Wiifihofitto     240 

Width  of  axis  of  pygidiom  (at  front  end)        ...  8*5 

Length  of  ditto 180 

Affinitixs. — Lindstrom's  species  Ph.  ohtusa,^  from  the  Gotland 
beds,  bears  comparison  with  this  variety  of  Ph.  caudatus,  but 
though  the  furrowing  of  the  glabella  is  closely  similar,  the  V-shaped 
arrangement  of  the  tubercles  seems  to  be  absent  and  also  the 
'ootaneous  glands'  on  the  pygidium.  The  true  significance  and 
function  of  these  so-called  glands  is  at  present  unknown,  but,  if  we 
may  presume  on  our  scanty  knowledge  of  these  structures  to  make 
a  suggestion,  they  appear  to  be  similar  to  the  maculad  on  the 
hypostomes  of  most  trilobites  which  Lindstrom  ^  after  a  detailed 
study  has  recently  concluded  had  a  visual  function.  It  may  be 
that  these  pygidial  structures  were  organs  of  phosphorescence. 

Ehorihitbus  multiplioatus,  Salter.     (PI.  VII,  Fig.  3.) 

1878.     Enerxnurus   muUiplUatus,  Salter:    Cat.  Camb.  Sil.  Fobs.  Woodw.  Miu., 

p.  51  (a  226). 
1891.    JSncrinurw  muUiplicaius,  Salter  (Woods) :  Cat.  T)'pe  Foes.  Woodw.  Mus., 

p.  144. 

The  original  specimen  is  very  imperfect,  and  consiBts  of  only 
a  partially  preserved  pygidium,  so  that  the  description  of  this 
species  must  be  somewhat  incomplete.  It  is  labelled  as  having  been 
found  in  the  Middle  Bala  at  Barking,  Dent,  and  is  preserved  in 
a  tough  dark-grey  limestone.  The  pygidium  has  an  elongated  and 
pointed  form  somewhat  like  E.  mtdiisegmentatua  (Portl.),  and  possesses 

^  Sdter:  Men.  Brit.  Trilob.  Pal.  Soc.,  1864,  p.  62,  woodcuts  11  and  12. 
»  Ofr.  k.  Vet.  Akad.  Forhandl.,  No.  6,  1885,  p.  41,  pi.  xii,  figs.  3,  4,  7,  8,  and 
pL  xm,  fir.  1. 
'  KongL  Svenak.  Vet.  Akad.  Handl.,  B.  34,  No.  8,  1901. 
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A  long  narrow  axis  tapering  very  gradually  to  its  poBterior  extremity. 
There  are  sixteen  complete  axial  rings  of  gradually  decreasing  sise, 
extending  for  about  two-thirds  the  length  of  the  axis,  and  followed 
by  about  twelve  much  narrower  rings  of  equal  size,  interrupted  in 
the  middle  by  a  narrow  smooth  area,  and  extending  to  the  point  of 
the  axis,  which  is  thus  segmented  along  its  whole  length. 

Only  one  of  the  lateral  lobes  is  preserved,  but  this  shows  the 
eleven  pleurao  of  which  it  is  composed,  and  is  bent  down  rather 
strongly  towards  the  posterior  end.  The  anterior  pleur»  curve 
weakly  backwards,  but  the  posterior  ones  more  strongly,  and  the 
last  one,  which  starts  at  the  level  of  the  sixteenth  axial  ring,  runs 
back  alongside  of  the  axis  to  the  posterior  margin.  Each  pleura 
appears  to  be  provided  with  a  shallow  median  longitudinal  furrow. 

lliere  are  obscure  traces  of  small  tubercles  on  the  surface,  but 
the  ornamentation  is  very  indistinct. 

Mbasurembnts. 

mm. 

Length  of  pygidium      12*0 

Width  of  ditto (estimated  at)        10*0 

Affinities. — The  most  closely  allied  species  might  appear  at  first 
sight  to  be  jE*.  mtdtisegmentatuB,  Portlock,^  but  the  resemblances  lie 
more  in  the  large  number  of  the  segments  than  in  the  characters  of  the 
pai-ts  of  the  pygidium.  For  the  segmentation  of  the  axis  is  different, 
and  the  course  of  the  pleursB  is  not  the  same.  The  segmentation 
of  the  posterior  part  of  the  axis  more  resembles  that  of  JS.  punetatua, 
though  the  anterior  part  with  its  complete  rings  is  quite  dififerent, 
and  is  similar  to  that  in  Portlock's  species.  As  far  as  the  axis  is 
concerned,  it  thus  seems  to  share  the  characters  of  these  two  species. 

Turrilepas  ??  ketleyanus,  Salter. 

1873.     Turrilepas  ketleyanus,  Salter :    MS.  Cat.  Camb.  Sil  Foss.  Woodw.  Miu., 

p.  129  {b  730). 
1891.     TurriUpas  ketleyanm.  Woods :  Cat.  Type  Foes.  Woodw.  Mug.,  p.  132. 

The  two  original  specimens  are  very  poorly  preserved  and  frag- 
mentary and  Uie  plates  seem  to  be  displaced  from  their  original 
position,  and  the  description,  therefore,  is  far  from  satisfactory. 
The  specimens  are  from  the  Wenlock  Limestone  of  Dudley,  and 
were  presented  to  the  Woodwardian  Museum  by  Mr.  C.  Ketley. 

Diagnosis. — Two  vertical  rows  of  loosely  arranged,  alternating 
plates  of  regular  (?)  shape,  followed  above  by  a  closely  imbricated 
mass  of  irregular  plates.  There  are  four  or  five  plates  in  each  of 
the  vertical  rows.,  but  their  shape  is  somewhat  doubtful,  as  their 
edges  appear  to  be  broken  in  most  cases,  but  they  seem  to  be 
transversely  oblong  (not  triangular),  with  their  upper  and  lower 
edges  sub-parallel,  and  the  outer  edge  rounded;  they  are  also 
slightly  arched  from  side  to  side,  and  their  surface  is  marked  by  fine 
strise  parallel  to  the  outer  edge  and  by  minute  pits  and  granulations. 

1  Portlock :  Oeol.  Bep.  Lond.,  1843,  p.  291,  pi.  iii,  fig.  6.  Tomquist :  Undefsokn. 
JSajans.  Trilobitf.,  1884,  p.  24,  pi.  i,  figs.  18,  19. 
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In  the  upper  mass  of  oloseW  packed  plates  only  the  minute  pits  and 
gimnnlations  are  visible.  These  upper  plates  appear  to  be  triangular 
and  to  bear  a  carina. 

BnnArnKS. — ^It  is  extremely  doabtfol  if  this  fossil  is  the  remains 
of  a  onistaoean,  and  it  has  been  suggested  with  much  probability 
that  it  represents  the  column  of  one  of  the  Anomalooystid».^  The 
supposed  shape  of  the  plates  in  the  double  row  cannot  be  regarded  as- 
of  mooh  Talue»  owing  to  their  imperfect  condition.  It  is  unfortunate 
that  Salter  chose  to  attach  a  specific  name  to  such  exceedingly 
nnsatisfaotory  specimens. 

GASTEROPODA. 
SuBUUTis  PUPA,  Salter.     (PI.  VII,  Fig.  5.) 

1873.     Moeroeheiius  pupa,  Salter :  Cat.  Camb.  SU.  Foes.  Woodw.  Mas.,  p.  ld& 

(a  869). 
1891.     MmeroehUifM  pupa.  Woods :  Cat.  Type  Foss.  Woodw.  Mas.,  p.  106. 

There  is  one  specimen  in  the  Woodwardian  Museum  from  the 
Wenlock  Limestone  of  Dudley  (Fletcher  Collection),  labelled 
MaerockeUuM  puipa  (a  869)  by  Salter.  Only  the  three  lower 
whorls  are  presenred,  and  these  show  no  ornament ;  the  two  apical 
whorls  are  broken  off.  The  shape  of  the  mouth  is  also  well  seen. 
llie  r^ular,  elougate,  fusiform  shell,  the  shallow  suture-line,  the 
slight  convexity  of  the  whorls  and  their  want  of  ornamentation,. 
the  large  body-whorl,  equal  in  length  to  about  half  the  shell,  and 
the  narrow  elongate  aperture,  inferiorly  acuminate,  show  that  it  is 
comparable  to  8nbvi%te$  ventrieosus  (Hall),'  described  and  figured 
also  from  the  Wenlock  of  Sweden  by  Lindstrdm.'  It  cannot  be 
assigned  to  the  genus  Maerochiliniiy  on  account  of  the  shape  and 
duuraoters  of  the  mouth  and  the  shallowness  of  the  suture-line.  This 
qiecies  has  also  been  found  by  Professor  Hughes  in  the  Lower 
LlandoTery  of  Blain  y  cwm. 

Mmasubsmbnts. 

mm. 

Length  of  specimen  86*0 

Estimated  length  when  perfect 40*0 

Width  of  body-whorl       18-0 

TaooHUs  OALYPTBAA,  Salter.     (PI.  YH,  Fig.  4.) 

1873.    Smomphalm  etO^trida,  Salter :  Gat.  Camb.  SU.  Foss.,  p.  157  (a  862). 
1891.    Bmmphahu  eafyptraa,  Woods  :  Cat  Type  Foss.  Woodw.  Mob.,  p.  103. 

The  one  small  original  specimen  (a  862)  from  the  Wenlock 
Limestone  of  Dudley  is  all  the  material  we  possess.  It  is  imperfect, 
bat  the  body-whorl  is  well  preserved  and  shows  the  essential 
features. 

DiAGHoeis. — Shell  small,  trochiform,  obtusely  conical,  of  several 
whorb  (probably  four  or  five),  which  are  sub-ventricose.  The  body- 
whorl  has  an  angulated,  rather  prominent  umbilical  edge,  and  its 
ombilioal  surface  is  flattened  at  right  angles  to  the  rest  of  the  whorl, 

»  H.  Woodward:  Geol.  Mao.,  Dec.  II,  Vol.  VII  (1880),  p.  198,  PL  VI,  and 
Woodcnt,  Fig.  S,  p.  197. 
«  HiD:  Pal.  N.T.,  ii  (1862),  p.  347,  pi.  83,  fig.  7. 
s  liadrtrSm  :  Sa.  Oartr.  Pter.  OoU.,  1884,  pp.  193,  194,  pi.  xr,  figs.  19-21. 
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slightly  raised  Id  the  centre  and  more  so  towards  the  aperture,  wUioh 
appears  to  be  sabcircolar,  with  the  inner  lip  strong  and  thickened. 
Surface  of  whorls  ornamented  by  transverse,  obliquely  curved, 
regular,  and  equidistant  lamellar  ribs.  Umbilicas  small  and 
apparently  closed. 

R  SHARKS. — This  form  certainly  does  not  belong  to  the  genus 
Enomfhalus.  Its  whole  appearance  is  trochiform,  and  it  bean 
a  close  resemblance  to  Trochus  Stuxhergi  (Lindstrom),^  but  differs 
by  the  umbilical  surface  being  flatter,  by  the  marginal  ridge  beiog 
less  developed,  and  by  the  greater  strength  and  regularity  of  the 
growth -lamellfld  on  the  surface.  Its  ornamentation  is  not  so 
coarse  as  in  Tr.  undvlans  (Lindstrom),'  but  the  shape  of  this  species 
and  its  umbilical  surface  are  very  similar.  The  characters  of  the 
mouth  and  umbilical  surface  distinguish  it  from  Callanema  obesum 
(Lindstrom),'  with  which  at  first  sight  it  bears  some  resemblance  in 
shape  and  ornamentation. 

EXPLANATION  OF  PLATE  VII. 

Fio.   I. — Phaeopt  {OdotUoeheile)   eaudaittt,  var.  corrugatm^  Salter.      Head-shieM 

(a  481),  X  14.    Woolhope  Limestone,  Littlehope. 
Fig.  2.— Ditto.    Pygidium  (a  461),  x  2.    "Woolhope  Limestone,  Littlehope. 
Fio.  3. — Enerxnurm  muUiplicatm^    Salter.     Pygioinm   (a  226),  x  3.      M.  Bala, 

Barking,  Dent. 
Fio.  4. — Troehus  ealyptraay  Salter  sp.  (a  862),  x  2.     Wenlock  Limestone,  Dudley. 
Fio.  6. — Sttbulites  pupa,  Salter  sp.  (a  869),  x  IJ.    Wenlock  Limestone,  Dndley. 


IV. — Notes  on  the  Lower  Cabbonifbrous  Fishes  or  Eastern 

Fifeshire. 

By  Dr.  R.  H.  Traquaib,  F.R.S.,  F.G.S. 

(Read  hefore  the  Royal  Physical  Society  of  Edinburgh,  January  16th,  1901.) 

"VrOT  much  has  as  yet  been  done  in  the  way  of  cataloguing  the 
ll  fossil  fishes  of  the  Lower  Carboniferous  rocks  of  EiMtem 
Fifeshire.  A  few  species  and  localities  were  noted  by  the  late 
Rev.  Thomas  Brown  in  I860*  and  by  Mr.  Kirkby  in  1880,'  and 
the  late  Mr.  Robert  Walker  published  a  paper  in  1872  *  in  which 
he  described  what  he  supposed  to  be  a  new  species  of  An^lypierus 
{A,  anconoachmodus)  from  the  Oil-shale  works  at  Pitcorthy,  near 
Anstruther.  In  this  paper  Mr.  Walker  drew  attention  to  the 
abundance  and  variety  of  fish-remains  in  the  oil-shale  and  ironstone 
worked  at  that  locality,  promising  to  describe  tbem  in  detail  after- 
wards— a  promise  which  he  was  never  able  to  fulfil.     After  his 

1  Sil.  Gastr.  Pter.  Gotl.,  p.  147,  pi.  xiv,  figs.  59-69  (especially  fig.  62). 

3  Op.  cit.,  p.  148,  pi.  xvi,  figs.  8-10. 

5  Op.  cit.,  p.  189,  pi.  XV,  fig.  27. 

*  **  i^otes  on  the  Mountain  Limestone  and  Lower  Carboniferous  Bocks  of  the 
Fifeshire  Coast  from  Burntisland  to  St.  Andrews*':  Trans.  Boy.  Soc.  Edmb., 
vol.  xxU  (1860),  pp.  386-404. 

^  '*  On  the  Zones  of  Marine  Fossils  in  the  Calciferoua  Sandstones  of  Fife  "  :  Qiart. 
Joum.  Geol.  Soc.,  vol.  xxxvi  (1880),  pp.  669-690. 

^  '  *  On  a  new  species  of  AniblypUrtu  and  other  Fossil  Fish -remains  from  Pitoofihy, 
Fife"  :  Trans.  Geol.  Soc.  Edinb.,  vol.  ii,  pt.  1,  pp.  119-124,  with  i^ate. 
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death  in  1881,  his  importaDt  oolleotion  of  fish-remains  from  this 
and  other  localities  in  East  Fife  was  aoquired  by  the  Edinburgh 
Museum,  and  largely  forms  the  basis  of  the  present  list.  1  myself 
baTe  also  done  some  collecting  in  this  region ;  and  a  good  many 
years  ago  the  Museum  acquired  a  number  of  specimens  collected  by 
Mr.  W.  T.  Einnear  at  Ardross,  some  of  which  are  of  great  interest 

The  district  in  question  is  comprised  in  sheets  41  and  49  of  the 
Geological  Survey  Map  of  Scotland.  All  the  species  here  noted 
are  from  Lower  Carboniferous  rocks,  the  horizons  represented  being 
the  Upper  part  (Oil-shale  group)  of  the  Calciferous  Sandstone  Series 
and  the  Lower  part  of  the  Carboniferous  Limestone  Series.  Here 
1  may  note  that  in  1890 '  1  included  the  Teleostomi  and  Dipnoi 
of  the  region  in  a  list  of  the  fishes  of  these  orders  occurring  in  Fife 
and  the  Lothians,  published  by  the  Boyal  Society  of  Edinburgh. 
The  present  list,  however,  includes  the  Elasmobranchs  as  well, 
and  also  a  few  additional  species  now  described  as  new. 

CALCIFEROUS    SANDSTONE    SERIES. 
Elasmobbanohii. 

1.  Tieuraamthu*  korriduliu,  Traq.     Pitcorthy. 

2.  Diplodus  parvuluty  Traq.    Pitcorthy. 

3.  Cladotkis  unieutpidatusy  Traq.,  n.sp.     Near  Rock  and  Spindle. 

4.  (MUprUlodm  pectinaius  (Ag.).     Rocks  east  of  St.  Andrews ;  Pitcorthy. 
6.  OraemUhut  mrmigerut,  Traq.     Teeth,  at  Ardross. 

6.  Oyraeanthut,  sp.    Rocks  east  of  St.  Andrews ;  Pittenweem.     Not  sufficiently 

well  preserved  for  specific  determination. 

7.  Sphenneanthus  serrulalu*  (Ag.).     Pitcorthy. 

8.  Spketutcantku*  Fifensis,  n.sp.     Rocks  east  of  St.  Andrews. 

9.  Euphffacanthm  gemUtriatus,  Traq.     Ardross. 
10.  THsi^hiMs  oreuatus,  Aft.    Pitcorthy. 

"  rtk 


11.  TVu/yeAiiM  minor,  PortTock.    Pitcorthy. 

12.  Cjftt€pcdiu$  erenuiatus,  T] 

13.  AcatUhod€9  sulcaiuSf  Ag. 


12.  Cffnopidiu$  crenulatus,  Traq.    Pitcorthy. 
Ardross. 


Teleostomi. 
CroaaopUrygii. 

U.  lUiixMbis  Hibbtrti  (Ag.).     Rocks  on  shore  east  of  St.  Andrews ;  Pitcorthy. 

15.  Mkisodtu  omatut,  Traq.    Pitcorthy ;  Pittenweem. 

16.  SirepMdm  striatulm,  Traq.     Pittenweem. 
n.  Streptodut  minor,  Tnq.    Pitcorthy. 

18.  CfgUeanthop9%9  eurta,  n.  g.  and  sp. 

Adtnopterygtt. 

19.  Eltmehtkyt  Mobisoni  (Hibbert).    Pitcorthy. 

20.  Ekmiehthfft  $tr%atm  (AfiO.     Pitcorthy. 

21.  EhmehthifM  pect%Hatu8,l!T?LQ,     Ardross. 

2*2.  Rhadinickthya  omatissimus  (Ag.).     Kiness  Bnm,  near  St.  Andrews. 
33.  RkadinichthtfB  earinatus  (Ag.).    Pitcorthy ;  Com  Ceres,  near  Kilrenny. 
24.  RhaHniekthyB  brevUy  Traq.    Pitcorthy. 
2o.  JfmuUptyehius  Oreenoeki  (A^.).     Pitcorthy. 

26.  Oimatodu»punctatu$(k%.),    Pitcorthy.    Th\B\&i^e  Amblypterus  anconotdehmodus 

of  R.  Walker. 

27.  Bmrynotu*  crenatu9y  Ag.    Pittenweem  ;  Pitcorthy  ;  Com  Ceres ;  Kenly  Month, 

east  of  St.  Andrews. 

^  "  list  of  the  Fossil  Ganoidei  and  Dipnoi  of  Fife  and  the  Lothians  ** :  Proc.  Roy. 
8t»c.  Edinb.,  toI.  xTii  (1890),  pp.  386-400. 
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Dipnoi. 

28.  Cftenodua  interrt^tus^  Barkas.    Pittenweem. 

Inobbta  SBDIS. 

29.  Euemtrwus  paradoxus^  n.  g.  and  sp.     Ardross. 

CARBONIFEROUS  LIMESTONE  SERIES. 
ELASMOBBANOHn. 

1.  Fetalodus  aeuminatus^  Ag.    Ladedda,  near  St.  Andrews. 

2.  Oraeanthus  armifferuSf  Traq.     Largo  Ward. 

3.  Sphenaeanthus  serrulatus,  Ag.    Denhead  Ironstone,  Denhead,  near  St.  Andrews, 

4.  Aeanthodes,  sp.    Denhead. 

Tbliobtohi. 
OroBsopierygii. 

6.  Mieodus  Hibberti  (kg,),    Denhead. 

6.  Shitodut  omatus,  Traq.    Denhead. 

7.  Megdlichthytt  sp.    Denhead. 

8.  EUmiehthyi  Botisoni  (Hibbert).    Denhead. 

9.  Elonichthyt  pectinatiu,  Traq.    Denhead. 
10.  Eurynotua  erenatuSf  Ag.     Denhead. 

The  above  list  contaiDB  all  the  species,  thirty  in  namber,  which 
are  contained  in  the  Natural  History  Department  of  the  Edinburgh 
Museum  or  in  my  own  collection.  Mr.  Eirkby,  however,  records 
CtenaeanthuBy  sp.,  from  near  the  Bock  and  Spindle,  and  Padlodu^ 
ohUquus,  Ag.,  from  a  marine  limestone  of  Calciferous  Sandstone  age 
on  the  coast  near  Randerston  Castle. 

Notes  on  Speoiks. 

DiploduB. — I  have  found  small  i)ip/o(2tts-teeth  in  shales  on  the 
shore  at  Pittenweem,  but  which  can  hardly  be  safely  identified 
with  any  known  form  or  considered  as  new. 

CladoduB  unieuspidatus,  n.sp. — Base  flat  below,  depth  from  back 
to  front  about  two-thirds  the  width  from  side  to  side,  contour  more 
convex  in  front  than  behind.  A  single  slender  pointed  cusp  arises 
from  the  middle  of  the  front  of  the  base,  and  is  erect,  straight  when 
seen  from  the  front,  sigmoidally  recurved  when  viewed  laterally, 
covered  with  delicate  raised  ridges,  which  increase  in  number 
downwards  by  intercalation.  No  trace  of  lateral  cusps.  Height  of 
cusp  of  most  perfect  specimen  iV  inoh,  width  of  base  laterally  about 
the  same. 

Under  the  term  Monocladodus,  Professor  Claypole  ^  has  separated 
from  CladoduB,  Agassiz,  two  species  from  the  Cleveland  shale,  on 
account  of  the  apparent  want  of  lateral  cusps.  Allied  to  Cladodus, 
and  also  possessing  only  one  cusp,  are  Lambdodus  and  JSybodadodus 
of  St.  John  and  Worthen.'  The  present  teeth,  however,  agree  so 
closely  with  Cladodus  in  all  respects,  save  the  want  of  lateral  cuspa 
and  the  comparatively  short  lateral  extent  of  the  base,  that  I  prefer 
leaving  them  with  that  genus  for  the  present 

A  cluster  of  these  teeth  was  found  by  myself  many  years  ago 
in  a  septarian  nodule  on  the  shore  near  the  Bock  and  Spindle,  east 

1  American  Geologist,  vol.  xi  (1898),  p.  329. 
'  Geol.  Suit.  Illinois,  toI.  yi. 
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of  St.  Andrews.  Owing  to  the  hardness  of  the  matrix  it  was 
impossible  to  work  out  the  superficial  configuration  of  the  teeth, 
ezoept  in  two  instances  where  they  happened  to  be  covered  by 
white  carbonate  of  lime. 

Sphenaeanthua  Fifensis,  n.sp.  —  Length  of  the  largest  specimen, 
5|  inches  ;  greatest  antero-posterior  diameter,  f  inch ;  implanted 
portion  reaching  up  to  If  inches  in  front  and  2f  inches  behind ; 
form  straight  and  tapering;  posterior  area  slightly  concave,  its 
margins  showing  traces  of  abraded  denticles ;  anterior  margin  of 
exserted  portion  formed  by  a  sharp  median  ridge ;  sides  ornamented 
by  straight  ribs  or  rounded  ridges,  which  increase  in  number 
proximal  ly  by  bifurcation,  and  are  not  nodose. 

This  spine,  of  which  there  are  several  specimens  in  the  Walker 
Collection,  Edinburgh  Museum,  differs  from  8ph.  serrulatua,  Ag., 
by  the  multiplication  of  the  lateral  ribs  by  bifurcation  instead  of 
intercalation,  llie  want  of  nodosity  of  these  ribs  is  of  no  con- 
sequence, as  the  greatest  difference  occurs  in  this  respect  in  different 
individuals  of  Sph.  serrulatus,  and  also  of  the  closely  allied  Coal- 
measure  form  Sph.  hyhodoides  (Egerton).  In  a  hard  calcareous 
sandstone  from  the  coast  east  of  St.  Andrews. 

Ccdaeanihopsis  curia,  n.  g.  and  sp. — Of  this  interesting  fish  only 
one  specimen  has  been  obtained,  and  that  one  is  unfortunately 
deficient  at  the  caudal  extremity.  What  remains  measures  2  inches 
in  length,  and  in  this  the  length  of  the  head  is  contained  three 
times,  being  also  equal  to  the  greatest  depth.  The  head  bones 
are  crushed  and  scarcely  decipherable.  Vertebral  axis  notochordal  ; 
abdominal  region  extending  for  ^  inch  behind  shoulder-girdle ;  no 
Tibs  are  seen,  but  there  is  distinct  evidence  of  the  ossified  air-bladder 
characteristic  of  the  CoelacanthidsB.  Neural  arches  united  with  the 
neural  spines,  which  are  long,  very  slender,  and  closely  placed ; 
hsomal  arches  and  spines  similar  in  condition  and  configuration. 
On  the  dorsal  aspect  and  just  above  the  termination  of  the  abdominal 
cavity  a  set  of  slender  interspinous  bones  commences,  these  being 
short  at  first  but  rapidly  increasing  in  length,  until  they  are  as  long 
as  the  neural  spines,  and  then  the  fish  suddenly  breaks  up  about 
2  inches  from  the  tip  of  the  snout.  Attached  to  the  distal 
extremities  of  these  interapinous  bones  are  fin-rays,  very  short 
anteriorly,  and  still  short  at  the  point  of  truncation  of  the  specimen. 
It  18  probable  that  similar  elements  existed  on  the  hsBmal  aspect 
of  the  skeleton,  but  have  been  lost.  Paired  fins  not  preserved, 
except  a  few  imperfect  rays  where  the  ventrals  ought  to  be. 
Indications  of  the  presence  of  scales  feeble. 

Strikingly  new  as  this  little  fish  is  specifically,  a  word  or  two 
most  be  said  as  to  its  family  and  generic  relationships.  The  ossified 
air-bladder  and  the  configuration  of  its  neural  and  haemal  arches 
and  spines  at  once  indicate  that  its  family  position  is  in  the  Ccela- 
oantbidse,  but  its  differences  from  any  known  genus  of  this  family 
are  very  strongly  marked.  We  have,  firstly,  the  abbreviated  form  of 
the  fish,  which  is  certainly  not  entirely  due  io posUmortem  shortening 
up,  as  the  skeletal  parts  in  front  of  the  place  where  the  specimen 
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is  tranoated  lie  nearly  quite  undisturbed ;  secondly,  the  great  pro- 
portional length  of  the  neural  and  hsBmal  spines;  thirdly,  the 
apparent  absence  of  the  two  separate  dorsal  fins  with  their  compound 
supporting  'axonosts/  characteristic  of  the  Coelacanthidse.  Theee 
may  have  been  lost  in  the  present  specimen,  but  the  tips  of  the 
neural  spines  come  so  close  up  to  the  dorsal  margin  that  there 
would  not  have  been  room  for  the  last-named  elements  if  of  the 
form  prevalent  in  the  genera  of  this  family.  Fourthly,  the  median 
fin  which  we  see  beginning  just  opposite  the  posterior  termination 
of  the  abdominal  cavity  corresponds,  in  its  relation  to  its  supporting 
elements,  to  the  caudal  of  Ccdacanthua,  but  is  immensely  ^rther 
forward  in  its  commencement.  It  is  unfortunate  that,  owing  to 
the  truncation  of  the  fish  shortly  after  the  commencement  of  this 
fin,  we  cannot  see  the  extremity  of  the  tail,  but  enough  is  shown 
in  the  specimen  to  prove  its  novelty,  both  specific  and  generic. 
The  acquisition  of  more  perfect  specimens  is,  however,  urgently 
to  be  desired,  as  it  is  clear  that  if  the  dorsal  fins  with  their  compound 
axonosts  are  really  wanting  in  this  form  a  change  must  be  made 
in  the  received  definition  of  the  Ccelacanthidso,  as  well  as  of  the 
Actinistian  group  of  the  Orossopterygii. 

From  Ardross,  collected  by  Mr.  W.  T.  Kinnear,  and  now  in  the 
Edinburgh  Museum. 

Eueentrurus  paradoxuSf  n.  g.  and  sp. — This  extraordinary  little 
organism  measures  2f  inches  in  length,  of  which  ^  inch  may  be  allotted 
to  the  head,  f  inch  to  the  body,  and  11  inch  to  the  tail.  The  head 
is  a  mass  of  calcareous  matter,  in  which  something  suggestive  of 
a  broad  curved  mandible  can  be  seen,  but  admits  of  no  further 
description.  The  body,  f  inch  broad  in  front,  is  composed  of  a  greyish 
film,  which  when  examined  by  a  strong  lens  is  seen  to  consist 
entirely  of  minute,  slender,  slightly  curved,  and  sharply  pointed 
spinelets.  The  tail  is  tapering  in  form,  consisting  of  amorphous- 
looking  calcareous  matter,  but  on  each  side  (assuming  that  the 
creature  is  crushed  vertically)  is  a  conspicuous  row  of  doable 
spinelets  arranged  exactly  opposite  each  other.  From  a  common 
base  arise  two  spinelets,  which  are  placed  close  together  and  nearly 
parallel  to  each  other ;  one  of  them,  the  anterior,  being  only  half 
the  length  of  the  posterior  one,  which  just  behind  the  body  may 
attain  a  length  of  -A- inch,  though  towards  the  end  of  the  tail  they 
become  smaller;  both  of  the  spinelets  are  slender,  slightly  curved, 
round  in  transverse  section,  smooth  externally,  sharply  pointed,  and 
traversed  internally  by  a  central  tubular  pulp  cavity.  No  trace 
either  of  internal  skeleton,  or  of  limbs,  or  fins  of  any  sort  can 
be  seen. 

This  strange  organism  is  another  of  the  problems  of  PalsdOKoio 
ichthyology,  as  it  is  scarcely  possible  to  indicate  its  systematic 
position  with  any  degree  of  certainty.  The  nature  of  its  dermal 
armature  would  incline  us  to  the  belief  that  it  is  a  Selachian,  though 
all  other  evidence  to  that  effect  is  wanting. 

From  Ardross,  collected  by  Mr.  W.  T.  Kinnear,  and  now  in  the 
Edinburgh  Museum. 
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V. — History  of  thb  Sarsens. 

By  Professor  T.  Rupbbt  Jones,  F.R.S.,  F.G.S.,  etc. 

(Cottcludedfrotn  p.  59.) 

IL  (8)  X^nf.— 1862.     Mr.  W.  H.  Bensted,  in  the  Geologist,  vol.  v 

(1862).  pp.  449,  450,  states  :    "  The  Druid  Sandstone,  of  which 

KiVs  Coty  House,  Stonehenge,  and  many  other  Dmidical  remains  are 

composed,  is  found  scattered  in  great  blocks  over  the  surface  of  the 

Chalk  Hills,  or  buried  superficially  in  beds  of  clay  retained  in  the 

hollows  on  the  summits  of  the  escarpments."     These  stones,  he 

added,  are  the  same  as  the  Grey  wethers  of  Berks  and  Wilts ;  and 

are  occasionally  pebbly,  like  the  Hertfordshire  Puddingstones. 

1872.  In  Fergusson's  "Eude  Stone  Monuments,"  1872,  pp.  116- 
120,  some  of  the  best  specimens  of  Sarsens  that  remain  as  relics 
of  prehistoric  monuments  in  Kent  are  noticed,  especially  those  near 
Aylesford,  on  the  Med  way. 

1894.  Thomas  Wright,  in  his  "Wanderings  of  an  Antiquary, 
chiefly  in  the  track  of  the  Romans  in  Britain,"  1894,  pp.  176-178, 
describes  in  detail  some  large  circular  pits  that  have  been  filled 
with  flints  and  capped  with  broad  Sarsens,  on  Aylesford  Common ; 
these,  he  thought,  were  probably  sepulchral,  and  may  have  had 
a  chamber  opening  out  of  the  side  at  the  bottom. 

1900.  Some  small  Sarsens  from  the  gravel  of  the  Daren t  at 
Sboreham,  in  Kent,  show  many  perforations  of  rootlets. — K.  A.  B. 

(9)  fifi«rr«y.— 1814.  T.  Webster:  Trans.  Geol.  See,  vol.  ii, 
pp.  224,  225.  At  Pirbright,  Surrey,  loose  blocks  of  stone  similar  to 
what  have  been  called  Grey  wethers.  Many  loose  masses  of  this  rock 
lie  scattered  on  the  surface  of  the  Chalk  country,  particularly  in 
Berkshire  and  Wiltshire.  Stonehenge  chiefly  composed  of  it,  and 
found  on  the  spot  No  doubt  close  resemblance  to  the  silioeous 
cement  of  the  Hertfordshire  Puddingstone. 

1847.  J.  Prestwich.  The  position  of  the  Sarsen  Stones  in  the 
Bagshot  Sands:  Quart.  Journ.  Geol.  Soc,  vol.  iii,  p.  382.  In  the 
Lower  Bagshot  Sands,  "  a  few  concretionary  masses  of  saccharine 
sandstone,  which  are  more  compact  and  harder  than  those  in  the 
Upper  Sands,"  and  by  no  means  so  abundant.  "  Sandstone 
concretions  at  o  "  in  the  diagram,  fig.  3,  of  Frimley  Ridge,  in  the 
Upper  Sands,  at  p.  382. 

1876.  The  Sarsens  in  the  artificially  picturesque  rockery  of  the 
waterfall  at  the  east  end  of  Virginia  Water  are  said  to  have  been 
brooght  from  the  neighbouring  heath ;  and  those  of  the  adjoining 
cavern  or  grotto  from  a  cromlech  there.  Murray's  "  Handbook  of 
Surrey,"  2nd  ed.,  p.  137. 

1895.  A  Sarsen-stone  footbridge  over  a  streamlet  at  Frimley 
Qreen,  Sarrey,  carries  the  footpath  from  the  fields  on  one  side  of  the 
fltraam  that  runs  down  a  lane,  to  the  path  along  the  other  side  of 
the  little  stream,  which  runs  beside  the  lane  from  Frimley  Green, 
and  across  some  fields  to  the  border  of  Surrey  and  Hants  near  the 
Famborongh  Station.  The  length  of  the  bridge-stone  is  4|  or 
o  feet;    the  width  is  about  2^  feet  equally  all  along;    thickness 
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varies  from  6  to  9  inches.  The  stones  supporting  the  bridge  and 
bank  are  laid  regularly ;  they  are  all  Sarsens,  and  others  lie  about 
irregularly.  One  lies  near  the  fence  just  beyond  the  path  on  the 
further  side  of  the  bridge. — C.  T.  R.  Jones. 

1898.  H.  W.  Monokton,  Quart.  Journ.  Geol.  Soc,  voL  liv, 
pp.  185-193,  treating  of  some  gravels  in  the  Bagshot  district,  notes 
that  Sarsens  occur  at  the  base  of  these  gravels,  which  are  of  the 
Glacial  Period,  and  were  probably  of  fluviatile  origin.  Sarsens 
with  rootlet  marks  occur  at  Easthampstead.  He  doubts  if  any 
Sarsens  occur  in  the  Upper  Bagshots,  and  supposes  that  probably 
most  were  derived  from  the  Woolwich  and  Beading  Sands.  All  the 
Sarsens  must  have  been  water-worn,  or  weather-worn  before  they 
were  left  in  the  gravel. 

N.B. — At  Camberley,  in  North  Surrey,  a  Sarsen  having  a  partial 
polish  on  one  of  its  sides  was  noticed,  and  the  polish  is  ascribed  to 
the  contact  and  rubbing  of  the  dried  stems  of  grasses  and  other 
plants  (with  siliceous  tissue)  moved  by  the  wind. — T.  B.  J. 

In  Buckinghamshire  Mr.  Upfield  Green,  F.G.S.,  has  observed  both 
pebbles  and  prominences  on  puddingatones,  smoothed  sind  polished^ 
on  the  sides  of  water  holes,  in  the  Brickearth  near  Great  Missenden. 

1900.  Sarsen  at  Ballard's  Farm,  Croydon,  a  white  saccharoidal 
sandstone  with  siliceous  cement.  Dr.  G.  J.  Hinde  has  kindly  given 
me  the  following  notes  on  this  large  typical  Sarsen  near  Croydon, 
which  is  visited  by  geological  classes  from  London.  Its  dimensions 
are :  length  4  ft  10  ins. ;  width  at  one  end  2  ft.  9  ins.,  at  the  other 
2  feet ;  thickness  at  one  end  1  ft.  8  ins.,  at  the  other  11  inches,  and  at 
another  place  14  inches.  It  lies  in  a  grass  field  on  Ballard's  Farm, 
on  the  south  side  of  the  bridle-path  leading  from  Ballard's  Lodge  to 
the  Addington  Hills ;  and  near  to  the  outcrop  of  the  sand-and- 
pebble  beds  of  the  Woolwich  and  Reading  Series,  of  which  indeed 
it  is  probably  a  concreted  portion,  like  the  similar  blocks  in  the 
Caterham  Valley. 

(10)  Jffamp«iitrc.— .1862.  Captain  H.  Blundell  (Staflf  College) 
noticed  a  large  Sarsen  in  a  ploughed  field,  about  4  miles  from 
Winchester  and  1  mile  from  Martyr  Westley  Rectory.  It  is  12  feet 
long,  10  broad,  and  8  deep,  **  and  bears  a  strong  polish  on  a  great 
part  of  one  side,"  glaciated  or  polished  by  the  friction  of  siliciferous 
stems  of  wheat.  "The  other  side  is  hollowed  out  apparently 
by  water."  * 

1898.  Mr.  A.  E.  Salter  has  seen  a  Sarsen  in  the  gravel  at  Lee-on> 
the-Solent  (Stubbington) :   Quart  Journ.  Geol.  Soc.,  vol.  liv,  p.  194. 

(11)  Berkshire, — 1787.  Daines  Barrington  made  some  remarks 
on  the  Grey  wethers  in  Berkshire  {ArchBologia^  iii,  p.  442). 

1813.  In  W.  Mavor's  "  Report  on  the  Agriculture  of  Berkshire,'^ 
1813,  at  pp.  34,  35.  The  Sarsen  Stones,  or  Greywethers  as  the 
country  people  call  them,  are  irregularly  scattered  over  the  Berk- 
shire and  Wiltshire  Downs.  They  are  pretty  numerous  in  a  valley 
near  Ashdown  Park  and  on  the  road  from  thence  to  Lamboum. 

'  See  also  Lieut. -Col.  NicoUs  on  "  Sarsens,'*  Southampton.  1866:  Geol.  MAO.^ 
Vol.  HI,  pp.  296-298,  PI.  XIII. 
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1864.  T.  Rupert  Jones,  in  a  lecture  on  the  Greology  of  Newbury, 
treated  of  the  oocurrenoe  of  "the  great  blocks  of  Druidstone, 
<jrrey wethers,  or  Sarsen-stones  as  the  only  remaining  wreck  of  the 
Lower  Tertiaries  of  this  area" ;  and  further  broken  up  in  the  gravel 
of  the  vicinity. 

1869.  J.  Adams,  in  a  lecture  on  the  Geology  of  Newbury 
(newspaper,  December,  1869),  referred  to  a  traditional  trace  of  an 
ancient  cromlech  near  Hangmanstone,  for  people  say  that  there 
was  a  cave  made  of  large  stones,  but  it  was  pulled  to  pieces  by 
the  farmer. 

1869.  The  Sarsens  of  Berkshire  now  existing  as  relics  of  pre- 
historic monuments,  especially  in  Wayland  Smith's  Cave,  and  the 
groups  in  Ashdown  Park,  are  the  subject  of  a  paper  by  Mr.  A.  L. 
Lewis  in  the  Trans.  Internat.  Congress  of  Prehistoric  Archsdol.  at 
Norwich,  1869,  pp.  37-46.  See  also  Fergusson's  *'Rude  Stone 
Monuments,"  1872,  pp.  121,  etc. 

1887.  Mr.  Walter  Money,  F.S.A.,  referring  to  Sarsen  Stones 
in  letters,  notes  that  a  writer  in  the  Gentleman's  Magazine  for 
1760  mentions  that  two  Roman  milliaria  or  milestones  were  to  be 
seen  near  Aldworth ;  and  this  statement  is  confirmed  by  Hearne, 
Rowe  Mores,  and  other  authors.  ''These  milliaria  are  now  to  be 
seen"  (says  the  writer  in  the  Gent.  Mag.)  "between  Streteley 
and  Alder,  one  of  which  lies  a  mile  from  Streteley,  and  by  country 
people  is  supposed  to  be  placed  by  the  Giants  (as  they  call  them)  in 
Alder  [Aldworth]  Church,"  He  refers  to  the  monumental  effigies  of 
the  De  la  Beche  family.  A  few  years  ago  1  investigated  this  subject 
for  the  late  Mr.  Thompson  Watkin,  of  Liverpool,  and  found  that  one 
of  these  milliaria  stood,  not  so  many  years  ago,  between  Westridge 
Farm  (two  miles  from  Streatley)  and  Aldworth,  in  a  bank,  and 
that  it  was  a  large  Sarsen  Stone ;  and  another  I  heard  of  as  being 
seen  in  Kiddington  Bottom,  one  mile  west  of  Streatley.  One  of 
these,  1  leariied,  had  been  broken  up  for  road-metal,  and  the  other 
was  said  to  have  been  taken  away  by  a  gentleman  at  Wallingford 
to  be  placed  on  his  lawn. 

Another  statement  is  that  many  years  ago  the  stone  was  taken 
from  its  original  position  by  the  side  of  the  Roman  via  from 
Westridge  to  Streatley,  and  removed  to  a  more  convenient  spot 
about  a  quarter  of  a  mile  distant,  where  probably  it  still  remains. 
This  stone,  of  gigantic  size,  was  removed  by  the  occupier  of  the 
farm  at  Westridge  with  a  team  of  eight  horses. 

There  is  still  a  very  large  Sarsen  Stone  by  the  side  of  the  Roman 
way  from  Newbury  to  Streatley,  between  Hampstead  Norris  and 
Aldworth,  which  was  probably  used  as  a  milliarium.  It  is  curious 
that  in  Brittany  and  other  places  on  the  Continent,  as  well  as  in 
England,  where  prehistoric  stone  structures  are  found,  that  there 
are  stories  of  the  imprints  of  giants'  hands  or  feet,  as  the  Friai-'s 
Heel  at  Stonehenge;  and  there  is  a  story  told  at  Aldworth  at 
the  present  day,  that  one  of  these  milliaria  (that  in  Kiddington 
Bottom),  between  Aldworth  and  Streatley,  had  been  thrown  hither 
by  one  of  the  Aldworth  giants,  and  that  the  print  of  the  giant's 
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hand,  made  when  he  graeped  the  stone,  may  yet  be  distinctly 
seen.  This  corroborates  the  writer  of  the  account  in  the  Glent  Mag. 
of  1760. 

Last  year,  on  going  over  the  Lamboum  Downs,  I  was  struck  by 
seeing  a  huge  Sarsen  Stone,  evidently  roughly  squared,  about  5  feet 
out  of  the  ground,  by  the  side  of  the  road.  It  has  every  appearance 
of  a  milestone  of  the  last  century ;  and  on  examining  its  face  next 
to  the  road,  I  found  that  a  flat  face  or  panel  had  been  cut  as  if  to 
receive  a  plate  or  letters;  but  neither  Mr.  Barnes,  who  was  with 
me,  nor  myself  could  trace  any  letters  at  all.  There  is  little  doubt 
that  this  is  a  Boman  milestone,  as  this  ancient  road  leads  direct  to 
Uffington  Castle  and  White-horse  Hill.  This  stone  is  called 
<  Hangman's  Stone,'  the  same  story  being  told  about  it  as  of  the 
Hangmanstone  near  Ghaddleworth,  and  about  similar  stones  else- 
where in  England.  The  stone  (4'  6"  long,  1'  wide,  and  1'  6"  high 
at  each  end)  in  Hangmanstone  Lane  is  lying  down,  but  the  Lamboum 
stone  is  vertical  as  with  ordinary  milestones.  It  is  not  known  as 
a  boundary  stone. 

There  are  a  great  number  of  Sarsen  Stones  in  the  neighbourhood 
of  Ashbury,  at  the  western  extremity  of  Berks,  on  the  northern 
slope  of  the  Downs,  where  they  enter  this  county  from  Wiltshire : 
and  it  is  singular  that  hamlets  in  this  parish  have  the  names  of 
Id-stone,  Od-stone,  and  King -stone  Winslow,  and  just  beyond  is 
the  parish  of  Bishop-stone  (Wilts).  Possibly  the  boundaries  of 
these  places  were  indicated  by  stones,  presumably  Sarsens,  from 
their  being  so  abundant  at  hand. 

At  Lambourn  the  boundary  wall  of  the  churchyard  is  built  of 
Sarsens;  some  of  them  are  5  feet  in  height.  Others  are  used  as 
stepping-stones  and  for  margins  in  the  Bourn  at  Upper  Lamboum. 

Large  Sarsens  are  still  visible  close  to  some  old  churches,  as  at 
Compton  Beauchamp,  East  She£ford,  and  Merlstone,  a  tithing  of 
Bucklebury;  and  fiiey  may  be  remains  of  material  accumulated 
for  pagan  temples,  at  places  now  occupied  by  Christian  churches. 

"  There  was,  and  probably  is,  a  row  or  avenue  of  Sarsen  Stones 
in  Whiteknights  Park,  Beading,  leading  to  the  Wildemess,  which 
were  said  to  have  been  supplied  by  the  Rennet  Biver  Navigation, 
in  early  times,  from  the  neighbourhood  of  Hungerford  and 
Marlborough."— W.  M. 

1887.  J.  B.  Hedges.  There  are  many  Sarsen  Stones  collected 
by  Mr.  Hedges  for  grotto-work  at  Wallingford  Castle.  Some  are 
perforated  by  rootlet  marks. 

1887.  Numerous  Sarsens,  small  and  of  irregular  shape  (probably 
from  the  gravel  in  the  neighbourhood),  are  arranged  around  a  flower- 
bed at  Theale  Bailway  Station.— T.  B.  J. 

Dr.  Silas  Palmer  noted  several  large  Sarsens  observable  at  Hill 
Green,  about  1  mile  west  of  Leckhampstead  Street,  which  is  6  miles 
nearly  north  of  Winterboume,  1  mile  south-west  of  Peasemore, 
and  about  2  miles  north-east  of  Poughley  in  Wei  ford  Wood,  and 
2  miles  north-east  of  the  Hangmanstone  in  Hangmanstone  Lane. 
These  are  cared  for  by  Mr.  Harold  Peake,  of  Westbrook  House, 
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Boxford  ;  and  Mr.  Walter  Money  regards  them  as  probably  remnants 
of  a  chambered  Long  Boom. 

1887.  In  1887  a  buried  or  subterranean  group  of  large  Sarsens 
was  discovered  by  Mr.  Bobert  Walker  at  Middle  Hole,  a  quarter 
of  a  mile  north-west  of  Middle  Farm,'  about  2  miles  north  of 
Lambourn.  Mr.  F.  J.  Beunett  (of  the  Geological  Survey)  gives  the 
following  description  in  his  letters  : — 

A  large  leaning  or  neady  prostrate  stone  at  the  top  of  the  group 
of  stones  had  probably  once  been  vertical,  but  had  fallen  down. 
The  stones  had  been  placed  in  a  round  pit-like  hole,  extending  at 
least  10  feet  north  and  south  of  the  central  stone  (once  upright). 

A  square  excavation,  more  than  20  feet  deep,  was  made,  and  some 
hundred  Sarsens  were  taken  out,  weighing  from  a  quarter  to  six 
hundredweight  each ;  and  there  were  left  in  the  hole  some  stones  of 
from  3  to  7  tons  weight.  In  the  hole  the  stones  were  in  three 
irregular  piles.  The  central  heap  rested  on  a  very  large  flat  stone ; 
the  others  were  at  the  two  sides.  The  intervals  were  occupied  by 
a  stiflf  reddish  clay  with  pottery,  burnt  and  broken  bones,  wood- 
ashes,  and  burnt  earth.  There  is  a  large  flat  stone  lying  in  the 
valley  not  far  ofll 

This  north  and  south  valley,  or  rather  combe,  in  which  this 
accumulation  of  Sarsens  was  found,  has  been  cut  down  by 
denudation  through  the  '  Chalk-rock '  and  the  '  Melbourne  Bock,' 
both  recognizable  in  the  side-slopes,  and  is  floored  with  'chalk- 
rubble.' 

This  does  not  appear  to  be  one  of  the  deep,  well-like  pits,  lined 
with  stones,  tiles,  clay,  or  wood,  excavated  for  the  purpose  of 
marking  boundaries  in  Boman  times.  It  may  have  been  sepulchral ; 
for  Thomas  Wright,  in  his  **  Wanderings  of  an  Antiquary,  chiefly  in 
the  track  of  the  Bomans  in  Britain,"  1894,  pp.  176-178,  describes 
in  detail  some  large  circular  pits  that  have  been  filled  with  flints, 
and  capped  with  broad  Sarsens,  on  Aylesford  Common ;  these,  he 
thought,  were  probably  sepulchral,  and  may  have  had  a  chamber 
opening  out  of  the  side  at  the  bottom.     (See  ante,  p.  115.) 

1892.  "A  trail  of  large  blocks  of  sarsenstone  is  prolonged  by 
Hagboume  village  to  a  line  about  100  feet  lower,  on  to  the  outcrop 
of  the  Upper  Greensand.  Other  slopes  along  these  Downs  exhibit 
similar  trails  of  sarsenstone."  (Quart  Journ.  Qeol.  See,  xlviii, 
1892,  p.  313.) 

At  Newbury,  Sarsens  are  frequent  in  the  '  pitched '  crossings  of 
pavements  at  openings  of  yards ;  some  are  paved  with  squared  setts. 
Worn,  subangular,  small  Sarsens  are  plentiful  in  the  gravel-pit 
south  of  the  town.— T.  B.  J. 

1896.  W.  Whitaker  refers  to  the  Sarsens  at  Streatley :  Proc. 
Oeol.  Assoc.,  vol.  xiv,  p.  175. 

(12)  WiUshire.^ll^l.  Sir  Joseph  Banks,  in  his  <' Journal  of  an 
Bxoorsion  to  Eastbury  and  Bristol,  etc.,  in  May  and  June,  1767  " 
(reproduced  with  notes  by  S.  O.  Perceval  in  the  Proceedings  of 

1  Referred  to  at  p.  149  of  pt.  i,  1886. 
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the  Bristol  Naturaliste*  Society,  new  series,  vol.  ix,  pt.  i,  1898), 
refers  to  the  Sarsen  Stones  as  follows  :  ''  Observed  between  Silbury 
and  Marlborough  the  Stones  called  Grey  weathers,  which  in  one 
particular  valley  were  scattered  about  in  great  numbers  on  the 
surface  of  the  ground.  The  people  in  that  neighbourhood  were 
breaking  great  numbers  of  them,  either  to  mend  the  roads  or  build 
houses,  which  gave  me  an  opportunity  of  examining  them  and 
bringing  away  some  pieces,  which  I  found  to  be  of  a  very  hard 
and  fine-grained  Sand  Stone.  Whether  it  is  found  in  beds  in  any 
part  of  this  countrey  1  will  not  venture  to  say,  but  remember  that 
some  time  ago,  in  seeing  General  Conway's  place  near  Henley 
[Oxfordshire],  1  saw  a  large  heap  of  such  stones,  some  of  them  of  an 
immense  size ;  and,  on  asking  where  they  were  got  from,  was  told 
that  they  were  found  scattered  all  over  that  countrey,  lying  on  the 
stratum  over  the  Chalk  at  different  depths,  and  that  those  I  saw  had 
been  got  together,  at  a  large  expence,  for  some  work  to  be  done  in 
the  General's  grounds — I  think  a  bridge." 

N.B. — This  heap  of  large  Sarsens  must  not  be  confused  with  the 
dolmen  from  Jersey  reconstructed  by  General  Conway  in  his 
grounds  in  the  same  locality,  for  the  latter  was  necessarily  only 
of  granitic  and  such  like  rocks,  native  to  Jersey.  See  also  ''The 
Channel  Islands,"  by  W.  T.  Austm  &  R.  G.  Latham,  1862; 
J.  Fergusson's  "Rude  Stone  Monuments,"  1872,  pp.  51,  62;  and 
W.  C.  Lukis  in  the  Trans.  Intemat.  Congress  Prehistoric  ArchsdoL 
Norwich,  1869,  p.  221. 

1833.  In  the  Qentleman^s  Magazine^  voL  ciii,  p.  542,  is  a  notice 
of  a  paper  read  by  Dr.  G.  T.  Clark  to  the  Bristol  Philosophical 
Society,  in  which  he  alludes  to  the  "  Grey  weathers "  as  being 
"  scattered  over  the  Chalky  Downs  of  Wiltshire." 

1863.  W.  H.  Hudleston,  in  the  Proc.  Geol.  Assoc,  vol.  vii,  p.  138, 
gives  a  succinct  account  of  the  four  kinds  of  stones  that  constitute 
the  concentric  rings  of  Stonehenge.  The  huge  Sarsens  composing 
the  outer  ring  he  described  as  consisting  of  a  compact  quartzose 
rock,  derived  from  the  Tertiary  Sands.  "  These  are,  in  fact,  siliceous 
doggers  or  concretionary  slabs  of  enormous  size,  which  have  hardened 
in  9it<k  [in  their  original  beds],  and  have  resisted  the  atmospheric 
agencies  of  destruction.  Several  fragments  were  picked  up  of  this 
material,  which  seemed  to  bear  the  marks  of  roots  or  something 
of  the  sort.  It  is  by  no  means  improbable,  therefore,  that  the 
decomposition  of  vegetable  matter,  and  consequent  formation  of 
iumtM,  and  the  various  organic  acids  which  arise  from  its  gradual 
alteration  into  carbonic  acid,  may  have  had  something  to  do  with 
the  concretionary  action.  The  influence  of  these  organic  acids  on 
silica  has  been  the  subject  of  interesting  investigations  in  America." 

1871.  .  Dr.  Joseph  Stevens,  "  On  the  Geology  of  North  Hamp- 
shire," mentions  the  occurrence  of  a  Grey  wether  grindstone  at 
St.  Mary  Bourne,  Wilts.  (Trans.  Newbury  District  Field  Club, 
vol.  i,  p.  86.) 

1874.  C.  E.  Davy,  in  a  paper  contributed  to  the  Newbury 
District  Field  Club,   "Letcombe  Castle,"   1874,  p.  23,  describes 
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a  natnially-shaped,  angular,  pyramidal,  water- worn  fragment  of 
Sarsen  Stone  as  a  prehistoric  sacred  stone. 

1876.  A  critical  acoomit  of  the  lithology  of  Stonehenge,  by 
N.  Story  Maskelyne,  was  published  in  the  Wilts  Archaeol.  Nat. 
Hist  Soc.  Mag.,  vol.  xvii,  pp.  149,  etc. 

1881.  With  regard  to  the  carrying  and  raising  large  blocks  of 
stone,  the  late  Dr.  Y.  Ball  gave  details  and  an  illustrative  plate  of 
the  method  used  among  the  hill-tribes  of  India.  (''  Economic  Geology 
of  India,"  1881,  p.  544,  pi.  viii ;  see  also  note  in  Pt.  i,  1886,  p.  126.) 

1887.  In  a  Beading  newspaper  (July  29,  1887)  it  was  stated 
that  at  Wardour  Castle  "the  picturesque  grounds  are  ornamented 
with  a  pretty  grotto  and  rockery,  constructed  from  a  number  of 
curious-^aped  stones,  which  formed  a  prehistoric  circle  at  Tetbury," 
said  to  have  been  at  or  near  Place  Farm.  This  circular  work  is 
recorded  as  having  had  a  large  central  stone,  12  feet  high  and  4  feet 
wide.  (Britten's  Topog.  and  Hist.  Descript  Wilts,  1814;  and 
W.  H.  Jones,  Wilts  Mag.,  vol.  vii,  1863.) 

1887.  The  Stones  of  Stonehenge  were  the  subject  of  Mr.  W. 
Whitaker's  remarks  in  the  Proc.  Geol.  Assoc.,  vol.  ix,  p.  530. 
*'  Dividing  them  roughly  into  two  sets,  the  natives  and  the  foreigners 
{the  former,  of  course,  being  the  bigger),  the  latter  are  mostly  of 
igneons  rocks,  and  must  have  been  brought  from  a  long  distance ; 
^<b  largest  of  these,  the  altar  stone,  is  a  sandstone,  but  unlike  any 
sandstone  of  the  neighbourhood.  The  natives  are  all  greywether- 
sandstone,  or  Sarsen  stones  which  have  been  shown  to  be  derived 
from  some  of  the  older  Tertiary  beds,  here  probably  from  the 
Bagshot  Sand,  which  in  these  western  parts  comes  nearer  to  the 
Chalk  than  further  east.  Their  occurrence,  therefore,  points  to 
a  vast  denudation  of  Tertiary  beds,  masses  of  clays  and  sands,  that 
once  spread  far  and  wide  over  the  now  bare  plateau  of  Chalk, 
having  been  slowly  swept  away,  leaving  behind  only  those  hardened 
parts  of  the  sands,  that  could  withstand  the  denuding  agents,  as 
witnesses  of  the  former  extension  of  the  beds." 

1890.  Treating  of  some  constructions  by  a  prehistoric  (Neolithic) 
people  in  Wiltshire,  Mr.  F.  J.  Bennet  alludes  to  the  abundant  local 
occurrence  of  Sarsens  ("  Sketch  History  of  Marlborough  in  Neolithic 
•Hmes,"  March,  1892,  pp.  4,  8).  He  also  indicates  how  Sarsens  were 
used  by  the  Neolithic  folk  in  the  boundary  walls  of  the  terraces  of 
cnltivatable  ground  in  Wiltshire.  That  they  were  used  afterwards 
in  the  building  of  houses,  castles,  churches,  etc.,  is  well  known. 

1894.  Pebbles  and  flint-breccia  in  some  Sarsens  from  Marlborough 
Forest  in  Professor  Prestwich's  collection,  seen  July,  1894. 

1896.  From  Avebury  a  white  saccharoidal  sandstone,  with 
tnliceous  cement,  and  containing  an  irregular,  coarse,  brush-like 
group  of  sub-parallel,  tubular,  and  filamentous  cavities,  probably 
due  to  rootlets,  stained  with  iron  oxide. — F.  Chapman. 

1901.  The  block  that  fell  this  Winter  at  Stonehenge  contains 
a  layer  of  flints.  It  is  No.  17  L  (the  lintel)  of  the  map  of  Stonehenge 
by  the  ArchsBological  Society  of  Wiltshire.  —  W.  Cunnington, 
January  9,  1901. 


Digitized  by  VjOOQ IC 


122         PfvfesBor  T.  Rupert  Jones — History  of  Sarsens, 

(13)  Dor«e/.— 1842.  J.  Sydenham  :  "  Baal  DarotrigensiB  ; 
A  Dissertation  on  the  Antient  Colossal  Figure  at  Oeme,  Dorset- 
shire, etc.,"  1842.  In  a  footnote  at  p.  18,  the  Sarsens  at  Little 
Mayne  (referred  to  at  pp.  136  and  161  of  my  paper  in  the  Wilts- 
Mag.,  1886)  are  recognized  as  relics  of  circles  and  parts  of  avenaes. 

1871.  E.  H.  W.  Dukin,  "  Megalithic  Eemains  in  South  Dorset," 
in  the  Reliq.  Quart*  Archaeol.  Journ.  and  Beview,  1871,. 
pp.  12-15  (separate  copy),  refers  to  the  stones  at  Little  Mayne. 
Mr.  C.  Wame  also  (1872)  notices  those  old  stones  in  his  "  Antient 
Dorset,"  quoting  Sydenham's  "  Baal  Durotrigensis." 

1871.  Poxwell,  Pogswell,  or  Pookswell,  is  a  village  about 
5  miles  north-east  of  Weymouth,  on  the  Wareham  Bead,  and  at 
about  a  quarter  of  a  mile  south-east  of  the  church  is  a  small  circle 
of  rough  Sarsens,  brown  in  colour,  with  much  quartz-crystals  in 
cavities.  The  stones  are  much  split  on  the  surfaces  in  squarish 
irregular  segments,  with  something  like  gaping  fissures.  (Dukin^ 
1871,  and  T.  R.  J.  1887.) 

Amongst  the  Sarsens  of  Dorset,  many  of  them  now  relics  of 
ancient  structures,  but  originally  scattered  over  the  surface  of  the 
country,  there  are  evidently  many  conglomerates.  The  grooved, 
or  probably  holed  and  broken,  stone  at  Tennant  Hill  Circle,  consists 
of  a  **hard  puddingstone  or  conglomerate"  (Dukin,  1871,  p.  12). 
The  circle  at  Winterbourne  Abbas  is  described  (ibid.,  pp.  4  and  5), 
partly  after  Stukeley ;  and  it  is  stated  there  are  •*  ten  stones  of 
a  very  hard  sort,  full  of  flints ;  the  tallest  to  west  eight  feet  high,, 
the  north  seven  feet  broad,  six  feet  high "  (op.  cit.,  p.  6).  The 
usual  ridiculous  belief  in  devil  handiwork  still  exists  in  Dorset 
and  Cornwall  (op.  cit.,  p.  9). 

1887.  At  Fordington  Oreen,  Dorchester,  at  the  east  end,  at  the 
comer  of  a  house  bearing  the  Ordnance  Survey  Bench-mark,  is 
a  Sarsen ;  the  top  is  three-faced  (4  feet  where  widest,  and  2  ft  7  ins. 
high),  the  sides  rounded.  This  stone  some  people  removed  not  very 
long  ago,  but  others  had  it  brought  back  and  replaced. — T.  B.  J. 

(14)  Somer8et^lS8S,  Many  Sarsens  in  the  country  around 
Taunton  along  the  roads  and  lanes,  and  in  villages  at  comers,  farm- 
gates,  etc. 

In  the  Castle  grounds  at  Taunton,  in  the  gardens  of  the 
ArohsBological  Society,  there  is  a  Sarsen  that  has  been  set  up  as 
a  memorial  stone  to  one  of  their  officers.  It  is  somewhat  triangular 
in  outline,  4  ft.  6  ins.  high,  and  6  ft  2  ins.  at  its  widest  part  near  the 
base.  Smoothly  rounded  and  irregularly  pitted  on  one  face,  and  flat 
(apparently  split)  on  the  other.  It  bears  a  tablet  with  inscription 
to  the  memory  of  W.  A.  Jones,  who  was  Secretary  to  the  Society  for 
20  years.  It  also  refers  to  the  donation  for  buying  the  grounds  for 
the  Society,  made  by  the  friends  of  Mr.  W.  A.  Jones. — W.  Bidgood. 

1888.  Numerous  Sarsens  are  passed  on  the  road  from  Taunton 
for  about  10  miles  to  Staple  Fitzpaine,  where  in  a  hedge-bank  are 
several  such  stones,  one  of  which,  5  feet  long,  and  4  feet  high  or 
thick,  above  ground,  with  its  surface  rounded  and  water-worn,  ia 
locally  known  as  the  *  Devil's  Stone  ' ;  for,  having  knowledge  of  the 
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intended  bnilding  of  a  ohnroh  there,  he  gathered  a  few  rocks  as  he 
came  thither,  but,  getting  tired,  slept  on  the  bank,  until  he  awoke 
in  the  morning,  and  to  his  astonishment  saw  the  fine  tower  of  the 
church  already  up  and  finished.  In  his  hurry  to  get  up,  his  satchel 
broke,  the  stones  fell  out,  and  one  in  particular  remains  there  now  I 
This  is  the  most  western  of  the  Sarsens  that  I  know  of. — T.  R.  J. 

The  microscopic  structure  of  a  piece  of  one  of  the  blocks  at  or 
near  Staple  Fitzpaine,  which  had  the  appearance  of  a  Sarsen,  is  thus 
described  by  Mr.  Fred.  Chapman,  A.L.S. :— "  This  rock  is  largely 
composed  of  angular  and  subangular  chips  of  quartz  and  chert, 
cemented  by  a  kind  of  paste  of  fine  quartz  sand  and  limonite. 
The  included  fragments  are  very  variable  in  size,  the  angular 
predominating  over  the  subangular.  A  fair  proportion  of  the 
fragments  are  of  secondary  quartz ;  some  clear,  others  with  strings 
of  gas-cavities.  There  are  a  few  chips  of  a  somewhat  brecciated 
rock,  not  unlike  a  decomposed  rhyolite  in  character.  There  is  at 
least  one  fragment  of  flint  in  the  section  examined.  The  chert 
fragments,  possibly  of  Cenomanian  age,  contain  a  few  examples  of 
OMngerina  cretacea.  One  of  the  larger  pieces  included  in  this 
Sarsen  (?)  is  a  chert,  crowded  with  Badiolariay  in  a  generally  good 
state  of  preservation,  some  of  the  orgaiiisnis  bearing  long  spines 
beset  with  smaller  spines.  Dr.  G.  J.  Hinde,  who  has  been  good 
enough  to  examine  the  slide,  thinks  that  tliere  is  not  enough 
evidence  for  the  identification  of  genera,  but  that  the  chert  is  most 
probably  of  Pala&ozoic  age." 

1888.  In  the  Museum  of  the  Bath  Institute  I  saw  a  somewhat 
water-worn  block  of  light-coloured  saccharoidal  sandstone,  looking 
very  much  like  a  Sarsen ;  chips  of  this  stone  show  an  ochreous  tint 
and  siliceous  cement.  The  Rev.  H.  H.  Winwood,  F.G.S.,  Honorary 
Curator  of  the  Museum,  informs  me  that  it  came  from  the  Victoria 
Oravel-pit,  on  the  right  of  the  Somerset  and  Dorset  Railway,  where 
the  road  crosses  the  line  at  South  Hill.  It  measures  33  inches  in 
length,  16  inches  where  it  is  broadest,  and  4  to  7  inches  in  thickness. 
With  other  similar  blocks  it  lay  at  the  base  of  the  gravel  on  the  blue 
Lias  clay.  At  first  he  was  inclined  to  regard  it  as  having  been 
derived  from  the  Millstone  Grit  of  the  Wick  and  Bristol  district ; 
but  he  has  since  seen  sarsenic  pebbles  and  blocks  in  the  Gravel,  and 
he  noticed  a  large  Sarsen  at  the  Westbury  Ironworks.  Near  Down- 
head,  in  the  Mendips,  he  has  observed  numerous  siliceous  blocks 
having  the  appearance  of  Sarsens ;  but  others  just  like  them,  lying 
on  the  north  slope  of  the  Mendips  at  Ash  wick,  contain  Liassic  fossils. 
Great  caution,  therefore,  is  necessary  in  determining  these  somewhat 
similar  siliceous  blocks  of  Palteozoic,  Secondary,  and  Tertiary  age 
respectively.— H.  H.  W. 

(15)  Devon, — In  1822  Dr.  Buckland  described  the  large,  isolated, 
siliceous  blocks,  scattered  about  on  the  hills  near  Sidmouth,  as  being 
much  like  the  Hertfordshire  Puddingstone,  but  having  the  included 
flint  *< mostly  angular"  and  not  rounded.  In  1826  he  referred  to 
these  in  Devon,  and  others  in  Dorset  and  elsewhere,  as  being  the 
same  as  the  recognized  Grey  wethers.  (Trans.  Geo!.  Soc.,  sen  ii^ 
vol.  ii,  pp.  126,  127.) 
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VI. — ^Thb  Age  of  the  Earth  and  the  Sodium  of  the  Sea.* 
By  Arthur  R.  Hunt,  M.A.,  F.G.S. 

PROFESSOR  J.  JOLY,  in  his  interesting  paper  estimating  the 
geological  age  of   the  earth  from    the    amount    of  sodium 
contained  in  the  sea,*  mentions  in  an  appendix  seven  possible  errors 
which  may  render  his  estimate  a  minimum,  and  seven  others  which 
may   render   it  a  maximum.     Neither  among   the   former  errors 
«  Trans.  Roy.  Dublin  Soc,  vol.  vu  (1899),  p.  23. 


Digitized  by  VjOOQ IC 


126  A,  R.  Hunt— The  Age  of  the  Earth. 

guarded  against  in  the  appendix,  nor  in  the  body  of  the  paper, 
does  there  appear  any  reference  to  the  possibility  of  sea* water  being 
absorbed  by  the  surface  rocks  of  the  globe,  either  by  capillary 
attraction,  as  maintained  by  Daubree,  or  by  means  of  fissures,  as 
contended  by  De  la  Beche. 

The  possibility — nay,  the  probability — of  sea-water  obtaining 
access  to  the  deep-seated  and  heated  regions  of  the  globe  was 
admitted  by  Lyell,  De  la  Beche,  and  Daubree,  and  by  other 
eminent  geologists ;  and  although  to  a  large  extent  neglected  at  the 
present  time,  the  arguments  in  favour  of  the  hypothesis  seem 
worth  considering. 

My  own  attention  was  attracted  to  the  subject  as  follows : — From 
1879  to  1889  inclusive,  I  wrote  seven  papers  on  the  detached  blocks 
which  lie  strewn  on  the  bottom  of  the  English  Channel.  The 
primary  object  of  the  enquiry  was  to  ascertain  whether  the  blocks 
represented  a  prolongation  of  the  Dartmoor  granite,  as  commonly 
supposed,  and  whether  they  were  in  any  way  related  to  the  meta- 
morphic  rooks  of  the  neighbouring  headlands  of  the  Start,  the 
Prawl^,  and  the  Bolt 

I  commenced  the  investigation  in  the  full  expectation  that  the 
connection  with  Dartmoor  would  be  proved  at  once. 

I  secured  thirty-four  crystalline  rocks  from  the  Channel,  and 
a  large  collection  from  Dartmoor.  Not  a  single  speck  of  tourmaline 
or  crystal  of  chloride  of  sodium  did  I  detect  in  the  twenty  granites 
and  gneisses  from  the  Channel ;  while  not  a  single  slice  from 
Dartmoor  failed  to  indicate  chlorides,  and  very  few  of  the  Dartmoor 
rocks  from  which  they  were  cut  (if  any)  were  without  tourmaline. 
The  fluid  inclusions  in  the  Channel  rocks  were  of  a  different  type 
from  those  in  the  Dartmoor  tooks.  The  two  series  of  rocks  seemed 
absolutely  distinct. 

This  most  unexpected  result  greatly  excited  my  curiosity,  and 
I  sought  to  find  some  explanation.  Finally,  in  1889,  1  hazarded  the 
suggestion  that  sea- water  had  gained  access  to  the  Dartmoor  granite 
in  Carboniferous  times ;  and  in  1892,  after  an  examination  of  the 
South  Devon  schists,  1,  for  entirely  different  reasons,  threw  cot 
the  suggestion  that  they  also  had  been  influenced  by  the  presence  of 
sea- water  during  their  metamorphosis. 

These  suggestions  were  not  only  almost  universally  rejected  by 
geologists,  but  they  caused  considerable  umbrage,  so  1  discontinued 
the  enquiry,  and  put  away  my  microscope. 

However,  before  bringing  my  own  work  to  a  conclusion,  I 
examined  the  older  authorities,  and  found  that  both  Lyell  and 
De  la  Beche  maintained  the  hypothesis  that  sea-water  reached  the 
heated  rocks,  and  that  subsequently  the  late  Mr.  J.  A.  Phillips  and 
M.  Daubree  were  of  the  same  opinion ;  and,  strange  to  say,  they  all 
had  different  reasons  for  their  belief.  My  own  conclusions  were  also 
based  on  entirely  independent  evidence;  and,  indeed,  so  far  as 
appears  from  the  records,  all  the  observers  thought  out  the  problem 
independently  from  different  points  of  view.  Lyell  relied  on  the 
steam  emitted  by  volcanoes,  De  la  Beche  appealed  to  his  mineral 
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vebs,  Phillips  pointed  to  hot  salt-springs  transforming  the  rooks  at 
<x>08iderable  though  aooessible  depths,  Baubree  relied  on  experiment, 
while  I  have  been  impressed  by  the  charaoteristios  of  the  vein  rocks 
of  Dartmoor  with  their  abundant  sodium  (as  chloride  and  silicate), 
and  with  the  chlorite,  amphibole,  and  albite  of  the  green  schists. 

The  conclusions  of  De  la  Beche  seem  the  most  noteworthy,  seeing 
that  he  was  necessarily  ignorant  of  the  fact  that  the  vein  rocks  of 
Devon  and  Cornwall  are  charged  with  salt  and  brine.  In  1889 
that  acute  observer  wrote— ''There  is,  therefore,  nothing  unreason- 
able in  supposing  that  a  large  propoiiion  of  the  Cornish  and  Devon 
fissures,  now  wholly  or  in  part  filled  up,  were  opened  either  beneath 
the  sea  or  in  such  situations  that  portions  of  them  were  so  placed 
Uiat  it  entered  freely  into  them  "  (Report  on  Geology  of  Cornwall 
and  Devon,  p.  378).  Subsequently  De  la  Beche  cites  an  instance 
of  water  filtrating  through  hard  basalt,  filling  its  internal  cavities 
with  liquid,  and  setting  up  crystallization  of  *  mesotype '  (loc.  cit, 
p.  392).  In  1851  De  la  Beche  touches  on  the  chemical  combinations 
of  the  ohlorides  in  the  fissures  (Geol.  Observer,  p.  770). 

In  January,  1873,  the  late  Mr.  J.  A.  Phillips  read  a  most  interesting 
paper  to  the  Royal  Society,  which  was  subsequently  communicated 
to  the  Philosophical  Magazine.  In  it  the  author  discusses  the 
composition  and  origin  of  the  waters  of  a  salt-spring  at  Hnel  Seton 
mine,  with  a  chemical  and  microscopical  examination  of  certain 
rocks  in  its  vicinity.  The  water  is  shown  to  be  derived  from  the 
sea,  and  to  enter  into  chemical  combination  with  the  minerals  of 
the  rocks  through  which  it  passes,  producing  brown  hornblende, 
pale-green  actinolite,  and  chlorite.  Another  salt-spring,  in  the  now 
abandoned  Huel  Clifford  mine,  was  1,320  feet  below  the  sea,  and 
issued  at  a  temperature  of  125^  F.  As  Mr.  Phillips  does  not  refer 
to  De  la  Beche,  he  seems  to  have  overlooked  De  la  Beche's  views, 
just  as  I  unfortunately  overlooked  at  first  both  De  la  Beche  and 
Phillips.  The  result,  however,  is  that  all  three  identical  conclusions 
were  arrived  at  independently,  and  all  on  different  grounds.  Had 
De  la  Beche  lived  to  learn  that  the  quartz  in  his  fissures  actually 
contained  brine  and  crystals  of  salt,  and  that  the  felspar  of  his  veins, 
instead  of  being  the  orthoclase  of  the  main  mass,  was  triclinic,  and 
more  or  less  a  soda- felspar,  he  would  have  realized  with  what 
unerring  sagacity  he  had  hit  his  mark. 

In  1880  Daubree  published  his  invaluable  *'  Geologic  Experi- 
mentale,"  of  which  work  the  third  chapter  is  headed — "  Experiences 
sur  la  possibilite  d'une  enfiltration  capillaire  au  travers  des  matieres 
poreuses." 

Daubree  shows  experimentally  that  bottom  heat  greatly  accelerates 
the  passage  of  water  through  rocks  in  the  face  of  a  strong  counter- 
pressure  of  steam.  He  incidentally  admits  that  such  water  may 
be  salt  water,  and  that  it  would  be  capable  of  producing  great 
mechanical  and  chemical  effects.  But  this  is  incidental ;  his  object 
is  to  explain  the  origin  of  volcanic  steam,  not  to  follow  up  the  new 
combinations  of  the  sodium  which  the  steam  leaves  behind  in  the 
bowels  of  the  earth. 
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Lord  Kelvin  *  and  Professor  Joly  agi^ee  in  assuming  that  because 
molted  basalt  is  lighter  than  consolidated  basalt  the  chilled  surfaee 
of  a  lava  ocean  would  sink :  Lord  Kelvin  further  assumes  that  all 
minerals  crystallizing  out  of  a  melted  basalt  veould  also  sink:. 
I  would,  however,  venture  to  submit  that  the  gases  imprisoned 
in  the  chilled  surface  layers  would  buoy  them  up,  and  that  a  good 
many  minerals,  lighter  than  the  magma,  on  rising  to  the  surface 
would  form  a  scum  or  slag  which,  by  blanketing  the  glowing  lava, 
would  thereby  check  radiation.  I  have  no  especial  interest  in  the 
controversy  as  to  the  age  of  the  Earth,  and  go  no  further  than  to- 
suggest  that  these  points  should  be  allowed  their  due  weight  in« 
the  argument. 

The  application  of  the  above  sea- water  hypothesis  to  the  casea 
of  Dartmoor  and  the  schists  is  a  somewhat  intricate  question,  and 
not  worth  discussing  so  long  as  the  main  principle  is  rejected. 

VII. — Notes    on    Literature    bearing    upon    the    Geology  of 
THE    Malay  Peninsula;  with   an  account  of  a  Neolithio 
Implement  from  that  country. 
By  R.  BuLLEX  Newton,  F.G.S.,  of  the  British  Museum  (Natural  History). 

IN  view  of  the  interest  lately  shown  by  geologists  and  others- 
engaged  in  the  Malay  Peninsula  through  Mr.  H.  F.  Bellamy  V 
discovery  of  Triassic  Lamellibranobs  in  that  area,  a  brief  account  of 
the  principal  works  on  the  geology  of  that  portion  of  South-Eastern 
Asia  may  prove  of  service.  More  particular  reference  will  be  mad& 
to  the  sedimentary  rocks,  purely  mineral  papers  being  excluded 
from  consideration. 

One  of  the  earliest  records  on  this  subject  is  by  William  Jack,* 
who  in  1822  observed  a  red  sandstone  at  Singapore  which  he  regarded 
as  ''  the  chief  secondary  rock  "  of  the  district.  He  further  mentioned 
that  the  Island  of  Penang  was  entirely  of  granitic  structure.  Some- 
what later  the  following  remarks  were  made  by  J.  Crawford : '  "At 
Singapore  a  secondary  formation  is  discoverable,  and  varieties  of 
sandstone  and  shale  form  the  principal  rocks,  together  with  con- 
glomerate, argillaceous  sandstone  and  gray  limestone." 

In  1847  Colonel  James  Low,*  speaking  of  the  same  rock  at 
Singapore,  stated  that  "the  sandstone  lies  immediately  under  the 
Oolitic  beds,  and  would  be  therefore  New  Red  Sandstone."  The 
discovery  of  a  bituminous  coal  on  the  southern  coasts  of  the  Island  of 
Junk-Ceylon  off  the  Malay  Peninsula  was  reported  by  J.  R.  Logan  * 

*  Trans.  Victoria  Inst.,  vol.  xxxi,  p.  24. 

2  W.  Jack,  "  Notice  respecting  theKock^of  the  Islands  of  Penang  and  Singapore  " : 
Trans.  Geol.  Soc.  London,  ser.  n,  vol.  i,  pt.  1  (1822),  p.  165. 

'  J.  Crawford,  "  Geological  Observations  made  on  a  Voyage  from  Bengal  to  Siam- 
and  Cochin  China"  :  Trans.  Geol.  Soc.  London,  ser.  ii,  vol.  i,  pt.  2  (1824),  p.  406. 

*  Col.  Jas.  Low,  "Notes  on  the  Geological  Features  of  Singapore":  Jouru. 
Indian  Archipelago,  vol.  i  (1847},  p.  83. 

*  J.  R.  Ijogau,  **  Notice  of  the  Discover}*  of  Coal  on  one  of  the  Islands  on  the 
Coast  of  the  Malay  Peninsula  "  :  Quart.  Joum.  Geol.  Soc,  vol.  iv  (1848),  pp.  1,  2. 
**  On  the  Local  and  Relative  Geologj-  of  Singapore,  etc." :  Joum.  Asiatic  Soc. 
Bengal,   vol.   xvi   (1847),    pp.    519-667,    667-684.      '*  Sketch   of  the   Physical 
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daring  the  following  year,  but  no  geological  age' ^b^  assigned  to  the 
material.  This  author  likewise  contributed  a  number  of  papers  between 
1847  and  1851  on  the  geology  of  the  Malay  region,  dealing  more  • 
partionlarly  with  that  division  of  it  which  embntces  Singapore  and 
the  adjacent  islands.  He  observed  that  limestone,  sandstone,  and 
days  are  the  predominating  stratified  rocks  along  the  western  coast 
from  Junk-Geylon  to  Penang ;  and  that  argillo-micaceous  and  argil- 
laceous schists,  associated  with  sandstones  and  common  clays  and 
shales  of  various  colours,  occur  between  Southern  Selangor  and  Johore. 

Daring  1879  Mr.  Patrick  Doyle  ^  referred  to  the  granitic  rock 
of  the  li^ay  Peninsula  as  being  ''  overlain  generally  by  sandstone, 
and  frequently  also  by  laterite  or  cellular  ironstone,  and  to  the 
north  by  limestone." 

In  1882  Mr.  D.  D.  Daly  ^  mentioned  that  *'  the  alluvial  tin  deposits 
permeate  the  whole  length  of  the  Malayan  Peninsula  "  ;  and  among 
other  items  of  geological  interest,  the  occurrence  of  limestone  caves 
at  Batu  in  Selangor  was  pointed  out.  The  following  year  Mr.  A.  H. 
Keane '  remarked  that  "  as  far  as  has  been  ascertained,  the  main 
geol<^cal  formations  [of  the  Malay  Peninsula]  would  appear  to 
be  Lower  Devonian  sandstones  and  unfossilized  clay-slates,  with 
a  basis  of  stanniferous  granite  everywhere  cropping  out.  Although 
no  trace  has  been  found  of  recent  volcanic  action,  there  are  several 
isolated  and  nnstratified  limestone  masses  from  500  to  2,000  feet 
high,  of  a  highly  crystallised  character,  with  no  fossils  of  any  kind." 
In  the  same  year  M.  J.-E.  de  la  Croix  *  alluded  to  the  presence  of 
three  groups  of  rocks  in  the  Perak  district  of  the  Malay  Peninsula : 
(a)  the  eruptive  series,  which  constitute  the  mountain  masses ;  (6)  the 
sedimentary  beds,  which  occur  at  intervals  in  detached  fragments ; 
(e)  the  alluvium  formation,  which  completely  covers  the  plains. 
The  sedimentary  strata  are  represented  by  sandstone  and  limestone, 
both  of  which  are  unfossiliferous  and  consequently  of  unknown  age, 
althoagh  stated  to  be  anterior  to  the  granites,  which  are  eruptive  and 
metamorphosed. 

In  1884  the  late  Rev.  J.  E.  Tenison- Woods*  referred  to  a  "PalaBOzoie 

Geography  and  Geology  of  the  Malay  Peninsula  " :  Journ.  Indian  Archipelago^ 
Td.  ii  (1848),  pp.  83-138.  *'  Notices  of  the  Geology  of  the  East  Coast  of  Johore^* ; 
Joorn.  Indian  Archipelago,  vol.  ii  (1848),  p.  625.  **  The  Kocks  of  Pulo  Uhin'* : 
Terfaandel.  Bataviaasch  Genootsch.  Ennst.  Wetenschap.,  vol.  xxii  (1849) 
[read  1847],  pp.  3-43.  **Five  Days  in  Naning":  Journ.  Indian  Archipelago,, 
vol.  iii  (1849),  p.  282.  "Notices  of  the  Geology  of  the  Straits  of  Singapore^' : 
Quart.  Journ.  Geol.  Soc.,  vol.  vii  (1851),  pp.  310-344,  pi.  xviii  (= geological  map). 
^  Patrick  Doyle,  "On  some  Tin-deposits  of  the  Malayan  Peninsula" :  Quart. 
Journ.  Geol,  Soc.,  vol.  xxxv  (1879),  p.  229. 

*  D.  D.  Daly,  "  Surveys  and  Explorations  in  the  Native  States  of  the  Malay 
Penioflula  "  :  Proc.  Boy.  Geogr.  Soc.,  n.s.,  vol.  iv  (1882),  pp.  393-412. 

'  A.  H.  Keane:  "Malay  Peninsula,"  an  article  in  the  Eneyehpadia  Britanntca^ 
9th  ed.  (1883).  vol.  xv,  p.  321. 

*  J.-E.  de  la  Croix,  "  Le  Royaume  de  Perak  "  :  Bull.  Soc.  Geogr.  Paris,  ser.  vii, 
vol.  iv  (1883),  pp.  342-348,  with  a  plate  containing  geolo^cal  map  and  sections. 

*  J.  E.  Tenison- Woods,  "  Geology  of  the  Malaysan  Peninsula  *' :  Nature,  vol.  xxx 
(1884),  p.  76.  "Physical  Geography  of  the  Malaysan  Peninsula":  Nahtre^ 
voL  XXXI  (1884),  p.  152.  "  The  Geology  of  Malaysia,  Southern  China,  etc."  : 
Kttmre,  voL  xxxiii  (1886),  p.  231. 
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sandstone  day-slate"  in  the  Malay  Peninsula  which  he  thought  had 
not  heen  previously  noticed;  and  subsequently  the  same  writer 
described  the  country  as  an  elevated  granitic  axis  with  Palsdozoio 
schists  and  slates  at  its  base,  mentioning  also  the  occurrence  of 
detached  masses  of  weathered  limestone  without  fossils. 

In  speaking  of  the  gold  deposits  of  Pahang,  Mr.  H.  M.  Beoher ' 
stated  in  18&3  that  **  the  gold-quartz  formation  of  Pahang  traverses 
an  extensive  series  of  sedimentary  rocks.  ....  These  rooks, 
probably  of  PalaBOZoio  age,  are  for  the  most  part  thinly  bedded 
slates  with  some  sandstones,  and  fewer  dark-coloured,  impure 
limestone  beds."  Alluvial  beds  of  modem  origin  were  also 
referred  to. 

Dr.  Roto'  followed  in  1899  with  a  brief  allusion  to  this  area, 
and,  quoting  from  a  previous  author,  mentioned  the  occurrence  of 
"  granites,  old-looking  sandstones,  and  slates,"  extending  down  to 
Singapore. 

Finally,  the  present  writer '  described  and  figured  the  Lamellibranch 
remains  discovered  by  Mr.  H.  F.  Bellamy  in  a  sandstone  obtained  on 
the  Pahang  Trunk  Bead  near  the  Lipis  Biver.  A  study  of  this  fauna 
proved  it  to  be  of  Upper  Triassic  age  (  »  BhiBtic),  the  matrix  being 
termed  a  'Myophorian  Sandstone,'  on  account  of  the  prevalence 
of  the  genus  Myophoria.  These  shells,  the  first  recorded  fossils 
from  the  Malay  Peninsula,  were  determined  as  under : — 

CMamyt  VaionimmSf  Leymerie,  sp.  Mytilua  allied  to  M.  minutua,  Goldfoss. 

Fteria  Fahangenntf  R.  B.  Newton.  Myophoria  omata,  Miinster. 

OerviUia  itifkU^f  Schafhautl.  Myophoria  inaquicoataia^  Elipfiteixi. 

PUrop^ma  MaUtyenaia,  R.  B.  Newton.  Myophoria  Matayetma^  R.  B.  Newton. 

AjBtinodetma  Bellamyi,  R.  B.  Newton.  Myophoria^  sp. 
Pleurophontt  eUmgatua,  ?  Moore. 

Among  unpublished  observations  it  may  be  of  interest  to  re- 
produce, from  a  letter  of  recent  date,  an  account  of  the  geology 
of  the  Biver  Tui  District,  situated  in  the  Pahang  division  of  £e 
Malay  Peninsula,  written  by  Mr.  B.  M.  W.  Swan,  F.Q.S.,  who  is 
carrying  out  mining  operations  in  that  area.  The  Tui  is  described 
as  a  small  branch  of  the  Biver  Jelai,  which  joins  the  Lipis  Biver 
at  Ewala  Lipis,  from  which  place  it  is  about  ten  miles  due  north. 
Thanks  are  due  to  Mr.  Swan's  brother  (Mr.  Archibald  A.  Swan) 
for  permission  to  include  this  new  matter  in  the  present  paper. 

'*ln  order  to  explain  the  geology  of  the  place  where  we  are 
working  it  is  necessary  to  say  a  few  words  on  the  geology  of  this 
part  of  Pahang.  The  common  rock  of  the  country  is  a  clay  slate, 
or  perhaps  more  properly  shale,  for  the  cleavage  of  the  rook 
coiucides  with  the  original  bedding  planes,  although  these  have  been 

1  H.  M.  Becher,  ''The  Gold-quartz  Deponte  of  Pahang  (Malay  Peninfola)** : 
Quart  Jown.  Oeol.  Soc.,  toL  xlix  (1898),  p.  84. 

3  Dr.  B.  Koto,  *'  Ob  the  Geologic  Stractore  of  the  Malayan  Archipelago  '* : 
Jonni.  GolL  Sol.  UdIt.  Tokyo,  Japui,  toI.  xi,  pt  2  (1899),  p.  86. 
U  I'  R.  B.  Newton,  "  On  Marine  Triaanc  Lainellibranchs  diseoTered  in  the  Malay 
Peninsnla"  :  Proc.  Malac.  Soc.  London,  vol.  it  (1900),  pp.  130-135,  pi.  \ii. 
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accentuated  by  pressure  at  right  angles  to  them.  These  slates  rest 
on  a  basin  in  granite,  and  by  a  movement  of  this  rook  they  have 
been  highly  tilted,  so  that  the  average  dip  is  about  80®.  The 
underlie  here  is  westward,  while  nearer  the  dividing  range  of  the 
Peninsula  it  is  eastward.  The  dip  changes  along  a  line  about 
6^  miles  westward  from  here.  The  strike  of  the  slates  is  extremely 
r^ular,  and  is  parallel  to  the  main  dividing  range,  or  8®  to  8^®  west 
of  the  magnetic  north.  The  mass  of  slate  rock  is  penetrated  by 
numerous  intrusions,  which  consist  generally  of  granite  or  green- 
stones. All  the  known  mineral  deposits  of  any  value  in  Pahang 
are  either  included  in  these  intersecting  rocks,  or  occur  in  close 
proximity  to  them.  The  intrusions  generally  take  the  form  of  large 
lenticular  masses,  which  are  often  some  miles  in  width.  The 
main  axis  of  these  masses  is  always  parallel  to  the  strike  of  the 
slates,  and  the  intrusive  rocks  sometimes  show  a  cleavage  produced 
by  side  pressure,  parallel  to  the  cleavage  of  the  slates. 

''These  intrusions  are  highly  developed  in  some  parts  of  the 
country.  There  is  a  granite  intrusion  1^  miles  to  the  westward 
of  the  TuL  This  is  succeeded  to  the  eastward  by  a  belt  of  slate 
about  a  mile  in  width,  and  then  we  have  a  belt  of  intrusive  rock 
about  a  mile  in  width,  and  it  is  on  this  that  the  Tui  flows. 

*'  Overlying  all  these  rocks,  and  resting  on  their  upturned  edges, 
is  a  deposit  of  crystalline  limestone,  which  was  originally  very 
extensive,  and  of  great  thickness.  It  certainly  has  been  some 
thousand  feet  thick,  and  there  is  some  evidence  which  seems  to 
show  that  it  has  overlain  even  the  tops  of  the  main  dividing  range. 
But  only  a  few  isolated  patches  of  this  limestone  now  remain, 
the  rest  having  been  eaten  away  by  the  comparatively  rapid  action 
of  denudation.  The  limestone  in  which  we  are  mining  is  a  small 
patdi  which  remains  in  the  bottom  of  an  ancient  valley.  Tradition 
indicates  that  the  Chinese  have  exported  much  gold  from  this  part 
of  Pahang,  and  there  is  good  reason  to  believe  that  most  of  this 
gold  has  been  derived  from  the  limestone,  and  has  been  left  on  the 
surface  when  that  rock  has  been  dissolved  away.  I  feel  fairly 
certain  that  such  has  been  the  origin  of  practically  all  the  gold 
exported  from  the  Tui  valley. 

**The  clay  deposit  was  composed  of  fine  yellow  clay,  which 
contained  some  spherical  nodules  of  iron  oxide,  and  rarely  some 
fragments  of  quartz.  The  gold  was  not  distributed  through  the 
mass,  but  occurred  in  occasional  streaks  or  veins,  which  could  not  be 
distingnished  by  the  eye 

"  Thie  day  deposit,  which  covers  the  whole  of  the  limestone  in 
the  valley  to  a  depth  of  about  twenty  feet,  is  the  product  of 
decomposition  of  the  greenstone  which  forms  the  sides  of  the  valley, 
and  the  peroxide  of  iron  nodules  which  accompany  it  had  their 
source  in  the  hornblende  of  that  rock." 

Rbmabxs. — From  the  foregoing  notices  it  would  appear  that  the 
Kalay  Peninsula  is  largely  composed  of  plutonio  rocks  more  or  less 
covered   by  sedimentary   strata,   of  which  sandstone,   slates,  and 


Digitized  by  VjOOQ IC 


132        R.  B.  NeicUm — Geology  of  the  Malay  Peninsula. 

limestone  form  a  very  oonsiderable  part.  The  fossils  discovered  by- 
Mr.  Bellamy  have  enabled  the  writer  to  refer  the  sandstone  to 
a  Triassic  age,  but  the  horizon  of  the  limestone  and  slate  deposits 
still  remains  doubtful.  Quite  recently,  some  samples  of  the  lime- 
stone were  submitted  to  the  writer  for  microscopical  examination 
by  Mr.  Archibald  A.  Swan,  which  his  brother,  Mr.  B.  M.  W.  Swan^ 
F.G.S.,  had  collected  and  sent  home  from  the  Biver  Tui  District ;  but 
they,  unfortunately,  exhibit  no  organic  structures,  and  are  therefore 
practically  useless  for  determining  their  period  of  deposition.  This 
limestone^  is  of  blackish  colour,  very  much  fissured  with  calcite 
and  quartz,  and  possessing  slickensided  surfaces;  a  microscopical 
section  with  the  aid  of  polarized  light  exhibiting  the  brilliant 
coloration  of  its  partial  siliceous  structure.  In  the  neighbourhood 
of  the  quartz  veins,  gold,  blende,  stibnite,  and  galena  are  more  or 
less  observable.  It  occurs  in  a  basin-shaped  area  situated  on  the 
upturned  edges  of  contorted  slates  of  unknown  age,  which  themselves 
rest  on  a  granite  base.  It  is  more  than  probable  that  this  limestone 
may  crop  out  elsewhere  in  the  neighbourhood  of  a  less  crystalline 
character,  and  with  palssontological  features ;  but  until  such  a  dis- 
covery takes  place  it  is  premature  to  assume  its  definite  geological 
age.  Should  it  ultimately  prove  to  be  of  Carboniferous  age,  then 
it  would  probably  form  a  continuation  of  that  limestone  found  in 
Sumatra  (Padang)  which  has  yielded  to  Brady '  and  other  authors 
the  foraminiferal  genus  of  Schwagerina  (  =  FuBtdina  of  Brady). 

In  referring  again  to  the  sandstone  rocks  of  the  Malay  Peninsula 
it  may  be  mentioned  that  they  represent  part  of  the  great  Triassic 
development  which  is  such  an  important  feature  in  the  geological 
structure  of  Eastern  Asia,  and  which  extends  through  European 
countries  to  Northern  Africa,  thence  to  Asia  Minor,  the  Himalayas, 
and  to  portions  of  the  Chinese  Empire,  Japan,  and  Siberia.  It  is 
found  also  in  the  East  Indian  Archipelago,  especially  Sumatra, 
Botti,  and  Timor;  and,  moreover,  it  is  present  in  New  Caledonia 
and  New  Zealand.  ^  In  all  these  regions  the  occurrence  of  Triassic 
rocks  has  been  accurately  demonstrated  by  the  palsdontological 
investigations  of  Stoliczka,  Qriesbach,  Yolz,  Eoken,  Eugene 
Deslongchamps,  Bothpletz,  Naumann,  Zittel,  Loczy,  and  others. 

Neolithic  Implbmbht. — Whilst  writing  on  the  geology  of  the 
Malay  Peninsula,  it  may  not  be  out  of  place  to  allude  to  a  Neolithic 
implement  from  that  country  which  was  presented  to  the  Geological 
Department  of  the  British  Museum  by  Mr.  W.  Leonard  Braddon, 
M.B.C.S.,  during  the  latter  part  of  1896.     Two  examples  exist  of 


^  Speoimens  of  the  limestone  haTe  been  presented  to  the  Mineral  Department 
of  the  British  Museum  (Nat.  Hist.)  by  Mr.  A.  A.  Swan,  a  few  examples  being 
retained  for  reference  in  tne  Geological  Department. 

'  H.  B.  Brady,  **  On  some  Fossil  Foraminifera  from  the  West  Coast  District, 
Sumatra** :  Gbol.  Mao.,  1876,  p.  637,  pi.  xiii,  fig.  6. 

*  See  Lapparent*8  map  illustrating  the  Triassic  distribution,  "  Traite  de  O^logie,** 
4th  ed.  (1900),  p.  1042. 
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thb  implement  celt,  both  of  which  were  found  in  a  disused  mine  at 
Tras,  Pahangy  haying  probably  been  utilized  for  mining  purposes 
in  connection  with  the  production  of  tin,  which  largely  abounds  in 
this  region. 

They  are  similar  in  shape,  being  long,  narrow,  and  of  rectangular 
section,  with  an  inclination  to  a  convex  upper  surface  caused  by 
a  gentle  declivity  at  each  end;  widening  very  gradually  to  the 
<;otting  end,  which  thins  ofif  into  a  moderately  sharp,  chisel-shaped 
edge.  The  opposite  and  rather  narrower  extremity  is  more  or  less 
of  a  wedge  pattern,  and  somewhat  tapering  thereby,  suggestive  of 
the  implement  having  been  fixed  to  a  wooden  handle  to  carry  out 
the  functions  of  a  'pick'  or  similar  instrument,  an  idea  further 
strengthened  by  the  fact  that  near  the  same  end  are  some  coarse 
scoring  marks  which  run  in  various  directions,  resembling  furrows, 
most  probably  produced  by  the  process  of  shafting  with  a  strong 
vegetable  fibre.  Similar  scored  lines  are  observable  on  some 
Malay  implements  in  the  British  Museum  Collection  at  Bloomsbury. 

The  rock  composing  these  implements  outwardly  resembles 
a  material  of  igneous  origin,  but  Mr.  G.  T.  Prior,  M.A.,  of  the 
Mineral  Department,  British  Museum,  assures  the  writer  that  such 
is  not  the  case.  It  is  more  probably  a  mudstone  or  an  indurated 
slate,  which  under  the  microscope  is  seen  to  exhibit  a  fragmeutaiy 
structure  with  occasional  crystals  of  felspar.  Nor  can  any  organisms 
be  traced  in  it  such  as  the  minuter  forms  of  life,  Badiolarians  or 
Foraminifera.  It  is  a  rock  of  extreme  hardness,  very  closely 
grained,  and  of  a  densely  dull,  black  colour  where  fractured,  and 
having  a  clear  metallic  ring  when  struck. 

Externally,  the  implements  are  partially  coated  with  a  thin  layer 
of  light  colour,  which  is  easily  powdered  away  by  scraping,  and 
which  has  possibly  been  produced  by  entombment  in  an  alluvial 
deposit ;  in  other  places  smooth,  polished  surfaces  are  seen,  evidently 
the  result  of  former  handling  and  usage. 

Aooording  to  Sir  John  Evans,  F.R.S.,  similar  chisel-like  implements, 
but  of  various  rock  structures,  occur  very  rarely  in  Britain  and 
Ireland,  more  commonly  in  Denmark  and  North  America,  and 
sometimes  in  Siam  and  the  Malay  Peninsula.  (Yide  *'  The  Ancient 
Stone  Implements,  Weapons,  and  Ornaments  of  Great  Britain," 
2nd  ed.,  1897,  p.  121.) 

Beyond  the  occurrence  of  these  implements  nothing  further 
appears  to  be  known  of  the  Neolithic  period  as  affecting  the  Malay 
Peninsula.  The  cave  explorations  undertaken  by  Mr.  H.  N.  Bidley 
yielded  no  other  relics  connected  with  man's  history  at  that  time,  for 
we  read  in  his  report :  "  It  was  to  be  hoped  that  remains  throwing 
light  on  the  Stone-age  men  of  the  Malay  Peninsula  might  have  been 
found  in  the  caves,  but  as  yet  nothing  has  been  found  anywhere  in 
the  Peninsula  except  the  axes  themselves  "  ("  Caves  in  the  Malay 
Peninsula":  Kep.  Brit.  Assoc.  Bristol,  1898,  pp.  571-582,  1899). 
Although  the  literature  on  this  subject  is  apparently  very  restricted, 
the  writer  would  gladly  welcome  any  additional  references  known 
to  students  of  Ethnography. 

Digitized  by  VjOOQ IC 


134        B.  B.  Netoton — Geology  of  the  Malay  Peninsula. 

Dimensions  of  best  example :  Length,  12  inches  ;  width  of 
chisel  end,  If  inches ;  width  of  narrower  end,  H  inches ;  central 
depth,  iV  inches. 


niufltratioiu  of  a  Neolithic  Implemeiit  obtained  by  Mr.  W.  L.  Braddon  from 
a  disused  mine  at  Tras,  Pahang,  Malay  Peninsnla.  Figures  drawn  one -third 
natural  size. 

A. — Lower  surface,  showing  scored  markings. 
B. — Side  yiew  showing  slignt  conyezity  of  upper  surface. 

C. — Rectangular  section  of  the  less  perfect  specimen,  which  measures  1  inch  in 
central  depth. 
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VIIL— Obiqin  of  Goal. 
By  J.  B.  Daktks,  Esq. 

IN  his  interesting  paper  on  "The  Origin  of  Coal,"  published  in 
the  OsoLooiOAL  Maoazinb  for  January,  1901,  p.  29,  Mr.  Strahan 
says :  "  the  Limestone  Series  generally  consists  of  repetitions  of  small 
gronps  of  strata,  each  group  being  composed  of  sandstone,  followed 
by  shale,  shale  followed  by  limestone."  It  is  not  stated  whether 
this  is  intended  to  be  an  upward  or  downward  succession;  but 
if  the  former  is  meant,  as  it  seems  to  be,  the  sequence  is  very 
different  from  that  which  exists  in  many  parts  of  the  country. 
Amongst  the  Yoredale  Bocks  proper — by  which  I  mean  the  beds 
in  the  valley  of  the  Yore  and  in  such  parts  of  the  neighbourhood 
as  contain  rocks  of  a  similar  type — the  usual  upward  succession 
is  sandstone  followed  by  limestone  overlaid  by  shale.  That  is  to 
say,  the  limestones  very  often  have  basement  sandstones,  and  are 
nearly  always  immediately  overlaid  by  shale.  There  are  some 
cases  in  which  limestone  is  overlaid  by  sandstone,  but  these  are 
quite  exceptional. 

As  it  seems  from  recent  discussions  at  Bradford  to  be  not  generally 
known,  I  may  as  well  state  that  the  Yoredale  type  of  beds  does  not 
exist  south  of  the  Graven  faalt ;  as  a  matter  of  fact,  it  dies  out 
between  Eettlewell  and  Grassington. 

Mr.  Strahan  also  says  that  "  underclays  do  not  resemble  soils, 
masmuch  as  they  are  perfectly  homogeneous."  Now  on  many  parts 
of  the  Millstone  Grit  moorlands  in  Yorkshire,  the  hill  peat  rests 
on  yellowish  clay,  formed  by  the  decomposition  of  the  underlying 
rocks.  This  clay  (which  may  be  called  the  peat  underclay)  looks 
so  like  a  Coal-measure  underclay,  that  one  is  led  to  think  that  both 
had  a  similar  origin,  however  different  may  have  been  the  circum- 
stances. Of  course,  when  an  underclay  occurs  in  the  midst  of  a  coal, 
or  on  top  of  coal,  it  cannot  have  been  formed  by  decomposition  of 
underlving  rock.  In  such  cases,  which  are  exceptional,  it  must  have 
been  drifted  somewhat.  But  even  if  all  underclays  were  drifted, 
that  would  not  prevent  their  having  been  the  seats  on  which  coal- 
forming  plants  grew,  and  the  striking  resemblance  of  peat  underclays 
to  coal  underclavs  makes  me  think  that  the  latter  clays  were  the 
seats  on  which  the  coal  plants  grew. 


I^  E  V"  I  S  "W  S- 


L — Gboloot  op  the  South  Walis  Coalpield.  Part  11  : 
The  Coumtst  abound  Abbroavenkt.  By  Aubbbt  Stbahan, 
M.A.,  F.G.S.,  and  Walcot  Gibson,  F.G.S.  ;  with  Notes  by  J.  B. 
Daktns,  M.A.,  and  Prof.  W.  W.  Watts,  M.A.,  F.G.S.  Memoirs 
of  the  Geological  Survey.  8vo ;  pp.  103.  (London  :  printed  for 
H.M  Stationery  Office,  1900.    Price  28.) 

rpHIS  memoir  is  written  in  explanation  of  the  New  Series  map 
X.  sheet  232.  It  includes  a  brief  account  of  the  Silurian  rocks 
of  part  of  the  Usk  inlier,  and  a  fuller  account  of  the  Old  Bed 
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Sandstone  which  stands  oat  boldly  in  the  '  Sagar  Loaf.'  The  result 
of  the  resuirey  of  these  rocks  has  been  to  show  that  there  is  a  well- 
defined  plane  up  to  which  a  Ludlow  fauna  and  a  Ludlow  type 
of  sediment  extend,  while  above  it  the  Old  Bed  type  with  Lower 
Old  Red  fossils  only  have  been  recognized.  Locally  there  is  no 
gradation  from  Silurian  to  Old  Red  Sandstone.  On  the  other  hand, 
no  break  has  been  found  in  the  Old  Red  Sandstone,  although  the 
fossils  show  that  both  Lower  and  Upper  divisions  are  present.  It 
is  remarked  that  the  formation  is  ''  not  necessarily  purely  lacustrine 
or  fluviatile." 

From  the  Old  Red  Sandstone  upwards  there  is  perfect  conformity 
with  the  Carboniferous  strata.  The  Carboniferous  Limestone  with 
its  base  of  Lower  Limestone  shales  is  a  variable  group,  500  feet 
thick  in  the  western  part  of  the  district  and  about  100  feet  in  the 
eastern  part  Professor  Watts  describes  some  of  the  oolitic  bands 
of  limestone,  and  also  an  interesting  mass  of  dolomite.  Mr.  Strahan 
found  that  the  white  oolitic  limestone  in  one  area  underwent  a  con- 
siderable change  in  mineral  character,  and  this  proved  to  take  place 
both  along  the  outcrop  and  vertically.  Analyses  showed  that  the 
change  was  due  to  the  replacement  of  a  portion  of  the  carbonate 
of  lime  (about  30  per  cent.)  by  carbonate  of  magnesia,  and  to  a  re- 
crystallization  of  the  whole  rock,  whereby  all  organic  structure, 
even  the  oolitic  grains,  were  obliterated,  and  the  rock  became  a  true 
crystalline  dolomite.  Reference  is  made  to  the  probable  connection 
between  the  dolomitization  and  faults  which  would  have  afforded 
means  for  the  circulation  of  mineral  waters.  Full  accounts  are  given 
of  the  Millstone  Grit  and  Coal-measures,  including  the  iron -ores, 
which  are  now  but  little  worked.  The  coals  are  more  extensively 
worked  now  than  formerly,  and  are  being  followed  southwards 
under  the  deeper  parts  of  the  basin. 

In  the  account  of  the  Glacial  Drifts  a  description  is  given  by 
Mr.  Gibson  of  a  transported  mass  of  Millstone  Grit  whidi  forms 
a  small  hill  upwards  of  200  yards  in  length,  and  was  found  to  be 
based  on  stiff  glacial  till.  ''  The  hill,  therefore,  is  merely  a  huge 
boulder,  bearing  witness  to  the  great  carrying  power  of  the  ice." 

II. — The  Geological  Subvey  of  Canada. 

1. — Report  on  the  Geology  and  Natural  Resources  of  the 
Country  traversed  by  the  Yellow  Head  Pass  Route  from 
Edmonton  to  T^e  Jaune  Caohe,  comprising  Portions  of 
Alberta  and  British  Columbia.  By  Jambs  MoEvoy,  B.A.Sc. 
Geological  Survey  of  Canada,  Annual  Report,  Vol.  XI,  Part  D. 
8vo ;  pp.  1 D  -  44  D,  with  map.     (Ottawa :  S.  E.  Dawson,  1900.) 

THIS  report  is  descriptive  of  an  exploration  which  extended  from 
Edmonton  westward  through  the  Yellow  Head  Pass  in  the 
Rocky  Mountains,  down  the  Eraser  River  to  T^te  Jaune  Cache, 
and  thence  to  the  head-waters  of  Canoe  River,  a  tributary  of  the 
Columbia.  A  map  on  a  scale  of  8  miles  to  1  inch  accompanies  the 
report ;  it  embraces  the  whole  of  the  area  traversed,  and  extends  in 
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latitude  from  62°  36'  to  63°  46'  N.  and  in  longitude  from  113°  20' 
to  119°  36'  W.  There  are  also  views  of  the  mountainous  scenery 
oharacteristic  of  parts  of  the  Athabasca  and  Fraser  Rivers. 

The  writer  enumerates  the  various  expeditions  that  have  penetrated 
this  region,  including  those  of  the  Hector-Pall iser  expedition  (1869), 
and  the  better  known  journey  of  Lord  Milton  and  Dr.  Oheadle 
(1863,  "The  North- West  Passage  by  Land")>  as  well  as  the  later 
one  undertaken  by  Dr.  A.  R.  C.  Selwyn  in  1871. 

The  formations  met  with  in  the  district  explored  were  as  follows  : — 

Tertiary  ...         Paskapoo  Beds.    )  t  .^^^j^ 

^    ,  ( Edmonton  Beds.     ^*^*«^»®- 

Cretaceous       ...      j  pie„e  and  Fox  Hill. 

Devono-Carboniferous. 

Cambrian         ...      \  gaetle  Mountain  Group. 

( Bow  River  Series. 
Archssan  ...  Shuswap  Series. 

The  Upper  Laramie  (Paskapoo  Beds)  were  identified  on  the  west 
bank  of  the  Pembina  River,  and  consisted  of  about  60  feet  or  more 
of  thick  beds  of  yellowish-grey  sandstones.  The  Lower  Laramie, 
as  distinguished  by  its  fossils,  was  met  with  on  Sandstone  Cre^k, 
a  small  tributary  of  the  Athabasca  River,  where  a  section  showed 
that  the  rocks  consisted  of  clayey  sandstones,  associated  with  coarser 
sandstones,  carbonaceous  shales,  and  seams  of  coal. 

Cretaceous  rocks  were  represented  by  rather  coarse  green  sand- 
stone, interbedded  near  the  mountains  with  greenish  conglomerate, 
with  (further  eastward)  black  argillaceous  shale,  including  thin 
seams  of  lignite.  These  rocks  were  seen  in  ascending  Prairie 
Creek,  a  tributary  of  the  Athabasca,  the  mouth  of  which  is  about 
ten  miles  from  that  of  Sandstone  Creek. 

Owing  apparently  to  the  imperfect  evidence  afforded  by  the 
fossils  tbe  succeeding  group  of  rocks  bears  the  dual  title  Devono- 
Carboniferous.  These  were  seen  in  three  sections  : — (1)  2,160  feet 
thick  in  Folding  Mountain,  the  first  foot-hill  of  the  Rockies,  where 
limestones,  siliceous  shales,  and  quartzites  are  brought  up  in 
a  "sharply  folded,  slightly  overturned  anticline."  (2)  In  Roche 
Miette,  described  as  a  notable  landmark  in  view  at  a  great  distance, 
standing  on  the  east  side  of  the  Athabasca  River,  a  few  miles  below 
Jasper  Lake.  Here,  in  a  section  3,300  feet  in  thickness,  limestones 
and  shales  occur,  the  former  holding  the  few  and  seemingly  not 
very  characteristic  fossils  which  served  to  indicate  the  horizon  of 
the  beds,  viz.  Devonian.  The  following  were  the  fossils  obtained : 
Airypa  reticularis;  Diphyphyllum,  sp. ;  Cyrtina,  sp. ;  Spirifer  (or 
Spiriferina),  sp. ;  cast  of  elongated  spiral  Gasteropod.  (3)  Carboni- 
ferous rocks  were  met  with  near  Henry  House  on  the  Athabasca 
Biver,  some  16  miles  south  of  Jasper  Lake.  Here,  again,  the 
evidence  upon  which  the  age  of  the  rocks  is  based  is  somewhat 
scanty,  judging  by  the  few  fossils  enumerated,  as  follows :  Beticularia 
setigera  ? ;  Productus  (very  finely  ribbed) ;  Spirifer,  sp. ;  Dielasma 
(cf.  D.  formosa,  Hall).     These  were  obtained  in  an  exposure  of 
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"  black  shales  and  flaggy  cream- weathering  limestone,"  three  rnile^ 
below  Henry  House. 

Bocks  of  undoubted  Cambrian  age  were  met  with  on  the  north-^ 
east  side  of  the  valley  between  Tdte  Jaune  Cache  and  Canoe  Biver. 
''The  squeezed  conglomerate  of  the  lower  part  of  the  series  may 
be  without  much  hesitation  assigned  to  the  horizon  of  the  Bow 
Biver  Series  [^Lower  Cambrian],  while  the  overlying  schists  and 
argillites  probably  belong  to  the  same  series,  bat  may  include, 
towards  the  top,  beds  of  the  upper  division  of  the  Cambrian  or 
Castle  Mountain  group."  No  granite  or  other  plutonic  rocks  were 
met  with  in  the  vicinity  of  the  route  traversed. 

A  great  series  of  mica-schists  were  seen  on  the  south-west  side  of 
the  valley  opposite  T§te  Jaune  Cache,  on  Mica  Mountain.  The 
whole  series,  though  differing  somewhat  from  the  Shuswap  Series 
of  the  southern  interior  of  British  Columbia,  shows  the  main 
characteristics  of  that  series,  and  may  be  classed  as  such.  The 
age  of  this  series,  as  given  by  Dr.  Dawson,  is  Archaan.  The  line 
of  contact  between  these  rocks  and  those  of  Cambrian  age  on  the 
opposite  side  of  the  valley  is  hidden  by  superficial  deposits. 

The  glaoiation  of  the  mountainous  part  of  the  region  surveyed  is 
briefly  described,  and  evidence  is  found  for  the  statement  that  the 
valley  of  the  Athabasca  contained  a  large  glacier  flowing  north- 
ward down  the  stream.  After  the  glacier  had  disappeared  the 
valley  was  occupied  by  a  large  lake  standing  at  a  level  of  550  to 
600  feet  above  that  of  Jasper  Lake,  or  3,260  feet  above  sea-level. 
A  long,  distinct  terrace,  composed  of  silt  and  sand  on  the  west  side 
of  Jasper  Lake,  marks  this  level. 

The  report  concludes  with  a  brief  account  of  the  distribution  of 
the  principal  trees  and  of  the  game,  large  and  smalL 


2. — On  some  Additional  or  Imperfectly  Understood  Fossils 
FROM  the  Cretaceous  Bocks  of  the  Queen  Charlotte 
Islands,  with  a  Bevised  List  of  the  Species  from  these 
Books.  By  J.  F.  Whiteaves,  LL  J).,  F.G.S.,  F.B.C.S.  Mesozoic 
Fossils,  Vol.  I,  Part  IV,  pp.  268-307,  pis.  xxxiii  to  xlix. 
(Geological  Survey  of  Canada,  Ottawa,  November,  1900.) 

AS  explained  in  the  Prefatory  Note  by  the  Director,  Dr.  G.  M. 
Dawson,  the  present  memoir  is  an  illustrated  description  of 
two  collections  of  fossils  from  the  Cretaceous  rocks  of  the  Queen 
Charlotte  Islands,  made  by  Dr.  C.  F.  Newcombe,  of  Victoria,  British 
Columbia,  in  1895  and  1897.  It  contains  also  a  revision  of  the 
nomenclature  of  some  of  the  fossils  previously  collected  from  the 
same  rocks  by  Mr.  James  Bichardson  in  1872  and  Dr.  G.  M.  Dawson 
in  1878.  A  brief  summary  of  its  contents  will  suffice,  and  this  may 
be  taken  from  Dr.  Whiteaves'  prefatory  remarks.  The  revised  list 
of  species  at  the  end  of  the  memoir  shows  that  69  species  of  marine 
invertebrates  are  now  known  from  the  Lower  Shales  of  the  coal- 
bearing  rocks  of  the  Cretaceous  system  in  the  Queen  Charlotte 
Islands.     Of  these  one  is  a  Coral  (Astrocania),  three  are  Braohi(^ods» 
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representing  the  genera  Terehratula  and  BhynchoneUa,  one  is  a 
Crnstaoean  {Homohpsis),  and  the  rest  are  Mollusca.  The  Cephalo- 
poda are  mach  more  numerous,  both  in  species  and  individaals,  than 
the  Grasteropoda,  and  the  Ammonites  are  specially  abundant  The 
latter  seem  to  be  remarkable  for  the  presence  of  several  species  of 
Detmoeeras  (inclusive  of  Puzozia),  and  for  the  absence  of  Baciditea, 
and  of  the  numerous  species  of  Pachydiscua  which  are  so  character- 
istio  of  the  Vancouver  Cretaceous.  The  number  of  species  ot 
Peleojpoda  appears  to  be  much  larger  even  than  that  of  the 
Cephalopoda. 

The  Canadian  species  have  been  in  many  instances  compared 
with  the  original  types  contaiued  in  museums  in  the  United  States 
and  in  Europe.  Thus  every  effort  seems  to  have  been  made  to 
ensure  the  utmost  degree  of  accuracy  in  the  identification  of  the 
fossils  described  in  this  work,  which,  it  may  be  mentioned,  appears 
fourteen  years  after  the  previous  (third)  part  The  new  species  are 
well  illustrated  in  the  seven  lithographic  plates  by  Mr.  L.  M.  Lambe. 

3.— GxNKBAL  Index  to  the  Reports  op  Progress,  1863  to  1884:. 
Compiled  by  D.  B.  DowuNa,  B.A.So.  8vo;  pp.475.  (Geological 
Survey  of  Canada,  Ottawa :  S.  E.  Dawson,  1900.) 

rOSE  who  have  researches  to  undertake  in  any  subject  having 
a  voluminous  literature  know  well  the  value  of  that  time-saving 
adjunct,  a  good  index.  The  arrangement  of  the  one  before  us  is  as 
follows  : — ^Part  I  (pp.  6-20)  contains  the  Reports,  so  classified  that 
any  country  or  district  in  a  province  can  be  found  in  its  chronological 
order,  the  counties  being  set  alphabetically  under  their  respective 
provinces.  The  reports  indexed  date  from  1863  (a  summary  from 
the  commencement  of  the  Survey)  to  1884. 

Part  II  (pp.  21-34)  contains  an  alphabetical  list  of  the  "  special 
examinations "  of  ores,  minerals,  or  fossils  that  have  been  subjected 
to  assay,  analysis,  microscopical  examination,  or  scientific  description. 

Part  III  (pp.  35-475)  forms  the  great  bulk  of  the  volume,  and 
is  termed  "  General  Index  to  Reports,  1863-84."  The  arrangement 
in  this  part  under  reference  to  a  place  is  usually  chronological, 
commencing  with  the  earliest,  while  under  a  subject  the  references 
are  alphabetical,  or  in  the  case  of  substances  of  frequent  occurrence, 
as  gold,  iron-ores,  coal,  eta,  the  localities  may  be  grouped  under 
provinces. 

Special  publications  on  palseontology  and  botany,  which  are  issued 
by  the  Survey  from  time  to  time,  are  not  included  in  this  Index, 
but  the  "  List  of  Publications  "  brought  out  at  intervals  supplies 
this  deficiency. 

We  doubt  not  that  the  present  Index  will  prove  of  great  use  to 
all  who  require  to  consult  the  publications  of  the  Geological  Survey 
of  Canada,  and  they  will  not  be  chary  of  their  commendation  of  the 
compiler  whose  zeal  and  industry  made  its  completion  possible. 
May  hie  example  be  followed  by  many  ! 

Arthttr  H.  Foord. 
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Qeolooioal  Sooibtt  of  London. 

I.  — January  23,  1901.— J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S., 

President,  in  the  Chair. 

After  the  formal  business  had  been  taken,  the  President, 
having  requested  all  those  present  to  rise  from  their  seats,  said : 

"  I  feel  sure  that  the  Fellows  will  desire  to  express  their 
deep  sense  of  the  grievous  loss  which  this  nation  has  sustained 
in  the  death  of  our  late  beloved  and  most  gracious  Sovereign, 
by  assenting  to  the  immediate  adjournment  of  the  meeting." 

The  meeting  was  accordingly  adjourned. 


II.— February  6,  1901.— J.  J.  H.  Teall,  Esq.,  M. A.,  F.R.S.,  President, 

in  the  Chair. 

Dr.  F.  A.  Bather,  in  exhibiting  rook  specimens,  microscope 
sections,  and  photographs  illustrating  blavierite,  ophitic  diabase, 
felsitic  porphyry,  petro-siliceous  breccia,  and  other  igneous  and 
metamorphic  rocks  of  the  Mayenne,  said  that  the  specimens  had 
been  collected  by  him  in  the  course  of  an  excursion  of  the  Eighth 
International  Geological  Congress,  under  the  guidance  of  M.  D.  P. 
Oeblert  In  the  basins  of  Laval  and  Coevrons  were  many  peculiar 
rocks  due  to  the  folding  and  crushing  of  stratified  rocks  penetrated 
by  eruptive  dykes.  The  tectonic  features  were  illustrated  by  the 
maps  of  M.  Oehlert  and  by  the  photographs.  The  slides  were 
prepared  in  the  Mineralogical  Department  of  the  Natural  History 
Museum,  where  all  the  specimens  would  be  preserved. 

Mr.  E.  T.  Newton  exhibited  some  graptolites,  which  had  been 
obtained  by  Mr.  Herbert  J.  Jessop  in  the  course  of  a  prospecting 
expedition  in  Eastern  Peru.  The  locality  was  in  lat.  13°  4^  S.  and 
long.  72°  20^  W. ;  Limbani,  near  Crucero,  in  the  neighbourhood 
of  the  Rio  Inambari.  The  graptolites  are  closely  related  to 
Diplograptm  foliaceuB,  and  indicate  deposits  of  late  Ordovician  age. 

Mr.  A.  E.  Coomara-Swamy  exhibited  and  commented  on  a  lantern 
slide  showing  spherulitic  structure  in  sulphanilic  acid.  This  had 
been  described  and  figured  by  Mr.  Henry  Bassett,  Jun.,  in  the 
Geological  Magazine  for  January,  1901,  pp.  14-16. 

The  following  communications  were  read  : — 

1.  *'  On  the  Structure  and  Affinities  of  the  Rbsdtic  Plant  iVatodtta." 
By  Miss  Igema  B.  J.  SoUas,  B.Sc.,  Newnham  College,  Cambridge. 
(Communicated  by  Professor  W.  J.  SoUas,  M.A.,  D.Sc.,  LL.D., 
F.R.S.,  V.P.G.S.) 

This  plant,  the  remains  of  which  are  found  in  GlouoestershirOy 
was  considered  to  be  a  monocotyledon  by  Buckman,  but  a  moss  by 
Starkie  Gardner.  Material  supplied  by  Mr.  Seward  and  Mr.  Wickes 
has  given  the  authoress  ground  for  the  belief  that  Naiadita  is  an 
aquatic  lycopod,  and  that  it  is  the  earliest  recorded  example  of 
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a  fossil  member  of  the  Lycopodiacess,  resembling  in  proportions  and 
outward  morphology  the  existing  representatives  of  the  group. 
The  specimens  described  show  stems,  leaves,  and  sporangia  which 
appear  to  be  borne  laterally  on  the  stem  and  to  be  embraced  by  the 
bases  of  the  leaves.  Stomata  do  not  appear  to  occur,  and  the 
association  of  leaves  of  different  types  leads  to  the  conclusion  that 
the  three  described  species  are  in  reality  but  one.  The  stems 
consist  mainly  of  long,  thin- walled  tubes  covered  with  an  epidermis 
of  long  rectangular  cells ;  the  leaves,  in  vertical  section,  show  only 
a  single  layer  of  complete  cells.  The  absence  of  stomata  and 
cortical  tissue  may  be  explained,  if  the  plant  was  submerged  when 
living ;  but  it  is  possible  that  the  lower  tissues  of  the  leaf  are  lost, 
together  with  any  stomata  which  may  have  been  present 

2.  «  On  the  Origin  of  the  Dunmail  Raise  (Lake  District)."  By 
Biohard  D.  Oldham,  Esq.,  F.Q.S. 

The  author  considers  that  the  gap  through  the  Cumberland  hills 
is  a  natural  feature  whose  remarkable  character  has  not  attracted 
the  attention  which  it  deserves.  In  form  it  is  an  old  river- valley, 
now  occupied  by  much  smaller  streams  than  that  which  formed  it. 
A  windgap  of  this  character  cannot  have  been  formed  by  recession 
of  watersheds  or  capture  through  erosion,  for  in  such  a  case  the 
stream  on  one  side  or  the  other  of  the  watershed  must  necessarily 
fit  its  valley,  while  in  the  Dunmail  Baise  there  is  a  misfit  on  both 
sides.  The  gap  was  in  existence  before  the  Glacial  Period,  and 
consequently  cannot  have  been  formed  by  ice.  So,  by  a  process 
of  exclusion,  the  explanation  is  arrived  at,  which  fits  in  with  the 
surface  forms,  that  the  gap  of  the  Dunmail  Raise  was  formed  by 
a  river,  which  flowed  across  the  hills  from  north  to  south,  and  cut 
down  its  channel  part  passu  with  the  elevation  of  the  hills.  The 
final  victory  of  upheaval  over  erosion,  whereby  this  river  was  divided 
into  two  separate  drainage  systems  and  the  barrier  of  the  Dunmail 
Baise  upheaved,  may  have  synchronized  with  a  diversion  of  the 
head-waters  and  consequent  diminution  of  volume  and  erosive 
power.  It  is  pointed  out  that  this  explanation  comes  into  confiict 
with  previously  published  theories  of  the  origin  of  the  drainage 
system  of  the  Lake  District,  inasmuch  as  the  elevation  postulated 
seems  too  slow  to  be  explicable  by  the  intrusion  of  a  laccolite ;  and 
that  the  existence  of  a  large  river  crossing  the  area  of  upheaval, 
and  the  maintenance  of  its  character  as  an  antecedent  river-valley 
for  a  long  period,  show  that  the  surface  was  originally  a  peneplain 
of  snbaerial  denudation,  and  not  a  plain  of  marine  sedimentation  or 
erosion.  From  this  it  follows  that  the  course  of  the  main  drainage 
valleys  may  not  have  been  determined  by  the  original  uplift,  but, 
with  the  exception  of  those  which  are  old  river- valleys,  whose 
direction  of  fiow  has  been  reversed  on  the  northern  side  of  the 
uplift,  may  have  been  formed  by  the  cutting  back  by  erosion  into 
the  rising  mass  of  high  ground — in  other  words,  that  the  principal 
valleys  of  the  Lake  District  may  be  subsequent,  not  consequent 
in  origin. 
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NAMES  FOR  BRITISH  ICE-SHEETS  OF  THE  GLACIAL  PERIOD. 

Sib, — It  baa  often  ooonrred  to  me  that  the  diaouaaion  of  oar 
Britiah  Glacial  phenomena  would  be  facilitated  by  the  adoption  of 
regional  names,  such  aa  have  been  found  so  useful  in  this  respect  in 
North  America,  for  the  different  portions  of  the  confluent  ice-aheets 
by'  which  our  Islands  were  partly  surrounded  and  covered  at  the 
period  of  maximum  glaciation.  I  haTe  especially  felt  the  want 
of  auch  names  in  describing  the  supposed  condition  of  the  basins 
of  the  North  Sea  and  of  the  Irish  Sea  in  Qlacial  times.  The  term 
'Scandinavian  Ice-sheet'  often  applied  to  the  North  Sea  ice-field 
appears  to  me  to  be  misleading,  since  it  seems  to  imply  that  the  basin 
was  occupied  solely  by  the  outflow  of  glaciers  from  Scandinavia, 
whereas  it  is  far  more  probable  that  it  was  maintained  and 
augmented  principally  by  the  snowfall  upon  its  own  surface.  The 
term  'Irish  Sea  Ice,'  sometimes  used  to  denote  the  ice-sheet  filling 
that  sea-basin,  is  likewise  objectionable,  as  I  found  in  a  recent 
discussion  where  it  was  understood  to  imply  the  marine  ice  of 
a  frozen  sea. 

After  due  consideration  and  discussion  with  colleagues  interested 
in  the  subject,  I  am  inclined  to  think  that  the  term  'East  British 
Ice-sheet'  will  be  found  suitable  for  the  mass  which  occupied  the 
bed  of  the  North  Sea  off  our  eastern  coasts,  and  spread  thence,  in 
places,  inland.  This  will  then  find  its  complement  in  the  term 
'  West  British  Ice-sheet '  for  the  land-ice  which  filled  the  basin 
of  the  Irish  Sea,  and  encroached  upon  our  north-western  lowlands. 

We  already  speak  of  the  'Pennine  Ice'  for  the  great  confluent 
glaciers  which  covered  the  greater  part  of  the  Pennine  r^on, 
and  of  the  '  Lake  District  Ice '  for  the  masses  of  that  region,  and 
these  terms  need  no  revision. 

Then,  for  the  ice  which  overspread  the  greater  part  of  Scotland  to 
the  exclusion  of  the  '  East  British '  and  '  West  British '  sheets,  we 
might  apply  the  general  term  'Caledonian,'  with  such  local  sub- 
division as  may  be  hereafter  found  convenient  And,  similarly,  the 
'  Hibernian '  (or  '  Ivernian '  )  would  be  that  which  covered  Central 
Ireland,  and  the  '  Cambrian '  that  which  shielded  the  greater  part  of 
WiJes. 

More  restricted  local  terms  might  stiU  be  introduced  to  distinguish 
well-defined  portions  of  these  sheets,  and  the  lobes  into  which  they 
probably  split  towards  their  termination. 

I  shall  be  glad  to  learn  whether  the  terms  above  suggested  are 
likely  to  be  approved  of  by  glacialists  who  hold  the  'land-ice 
theory '  in  regard  to  our  drifts.  Q.  W.  Lampluoh. 

TONBUI>GS. 

January  20,  1901. 
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CHEVIOT  P0RPHYRITE8  IN  THE  BOULDER-CLAY  OP  EAST 
YORKSHIRE. 

Sib, — I  can  confirm  Mr.  Slather's  opinion^  (expressed  in  the 
O«>ix>0i0AL  Magazine  for  January,  1901)  that  the  porphyrites  of 
the  East  Yorkshire  Boolder-olay  were  probably  derived  from  the 
Cheviots.  When  I  was  stationed  at  Bridlington  Qaay  on  the 
Geolc^ioal  Survey,  Mr.  C.  T.  Glongh,  who  mapped  the  Cheviots, 
came  to  the  Qaay  in  order  to  identify,  if  possible,  the  far-travelled 
erratics  in  the  Boulder-day.  We  examined  the  shore  and  olifb 
from  Bridlington  Quay  to  Filey,  and  found  a  large  number  of 
porphyntio  rocks,  which  Mr.  Glough  said  might  very  well  have 
<x>me  from  the  Cheviots.  J.  E.  Daktns. 

SvowDON  View,  Nant  Gwtnnan,  Bbddoblert,  Carnarvon. 
February  11,  1901. 

MUSEUM  EXHIBITION  CASES. 

Sib, — ^The  new  Qeologioal  Museum  now  being  erected  here  will 
liave  high  windows  and  a  long  south  aspect  The  effect  of  this 
will  be  that  the  sun  will  fall  suddenly  on  glazed  cases  and  as 
suddenly  pass  off  them,  thus  by  the  expansion  and  contraction  of 
the  air  causing  dust-carrying  currents  to  force  themselves  through 
every  chink.  From  this  cause  it  costs  about  three  times  as  much  to 
keep  cases  and  specimens  clean  on  the  side  exposed  to  the  sun  as 
it  does  in  the  shaded  part  of  a  museum.  This  may  be  obviated  by 
elastic  diaphragms  (which  would  hardly  allow  sufficient  movement 
for  such  large  cases  as  ours)  or  by  small  sliding  shutters  packed 
with  cotton-wool  something  like  TyndalFs  respirators. 

Can  any  of  your  readers  refer  us  to  museums  in  which  such 
a  system  has  been  tried  or  give  us  any  advice  on  the  subject  before 
our  cases  have  been  built  ?  T.  MoEbnny  Huohes. 

WOOD-WABDIAN  MvSBUM,    CaMBBIDOB. 

February  19,  1901. 


OBia?TJJLl^Y- 


JAMES    BENNIE. 

BoKB  Sbptbmbbr  23,  1821.  Died  Janvaby  28,  1901. 

Wb  regret  to  record  the  death  of  Mr.   James  Bennie,  at  the 

age  of  79  years.      For  many  years    he  was  one  of  the   fossil 

colleotors  of  H.M.   Geological  Survey,  and  was  well  known  to 

local  geologists  in  the  west  of  Scotland.    In  early  life,  before  he 

joined  the  Survey,  he  was  employed  in  a  paper  manufactory  in 

Glasgow,  where  he  devoted  his  leisure  hours  to  the  examination 

of  the  glacial,  interglacial,  and  post-glacial  deposits  of  the  west  of 

Scotland.    He  likewise  collected  fossils  from  the  various  Carboniferous 

horizons  in  that  region.     The  results  of  his  labours  were  publbhed 

in  the  Transactions  of  the  Glasgow  (^logical  Society,  and   his 

^glacial  researches  were  communicated  to  Dr.  CroU  in  1867,  as 

acknowledged  in  the  ''Life  and  Work"  of  that  investigator.     His 

Survey  career,  which  commenced  in  1869,  was  marked  by  his  great 

*  See  "The  Sources  and  Di^ftribntion  of  the  Far-Travelled  Boaldeii  of  Eaat 
TorkBlnre,"  by  J.  W.  Slather. 
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knowledge  of  the  fossiliferoos  bands  in  the  Carboniferous  rooks  of 
Central  Sootland.  He  paid  special  attention  to  the  ooourrenoe  of 
mioro-organisms  in  the  weathered  shales  of  that  series,  which  resulted 
in  the  discovery  of  many  forms  new  to  science,  described  and  figured 
by  various  specialists.  He  was  the  first  to  record  the  occurrence 
of  Holothurians  in  the  Carboniferous  rocks  of  Sootland,  and  was 
likewise  the  first  to  obtain  the  remains  of  Arctic  plants  in  the  silt 
and  peat  of  vanished  lakes  that  formerly  occupied  hollows  in  the 
Boulder-day.  With  the  remains  of  Arctic  plants  he  discovered 
fragments  of  a  phyllopod  Crustacean,  which  is  now  found  living  only 
in  fresh- water  lakes  in  Greenland  and  Spitzbergen.  Two  years  ago 
he  received  the  Murchison  Fund  from  the  G^logical  Society  of 
London,  in  recognition  of  his  work.  Quiet  and  unobtrusive  in 
manner,  and  fond  of  literature,  he  showed  throughout  his  life  a  keen 
love  of  nature. — Scotsman,  January  30. 


Thb  New  Director  op  the  Geolooioal  Survey  of  the  United- 
Kingdom  AND  of  the  Museum  of  Practical  Geology,  Jermym 
Street,  London. — We  have  just  been  informed  that  J.  J.  H.  Teall, 
Esq.,  M.A.,  Vice-President  of  the  Royal  Society,  President  of  the 
Geological  Society  of  London,  has  been  appointed  to  succeed 
Sir  Archibald  Geikie,  F.R.S.,  as  head  of  the  Geological  Survey. 
Mr.  Teall  is  an  eminent  Petrologist  and  the  author  of  many 
important  papers  on  geology ;  he  has  published  a  most  valuable 
monograph  on  British  Petrography,  with  which  special  branch  of 
the  science  his  name  will  always  be  connected.  He  is  universally 
esteemed  amongst  geologists,  and  especially  by  the  members  of  the 
staff  of  the  Geological  Survey,  for  his  geniality  and  urbanity  to  all 
his  fellow- workers.  As  President  of  the  Geological  Society  he  has 
also  won  golden  opinions. 

The  New  Professor  of  Geology  at  University  College, 
GowBR  Street. — ^The  Rev.  Professor  Thomas  George  Bonney,  D.Sc.^ 
LL.D.,  F.R.S.,  F.G.S.,  who  succeeded  Professor  John  Morris,  F.G.S., 
in  the  chair  of  Geology  at  University  College,  in  June,  1877,  and 
has  occupied  that  post  with  such  eminent  success  for  24  years, 
retires  this  month  and  is  succeeded  by  Mr.  Edmund  Johnstone 
Garwood,  M.A.,  F.G.S.,  of  Trinity  College,  Cambridge,  a  gentleman 
already  distinguished  by  his  geological  observations  and  writings 
in  the  Quarterly  Journal  of  the  Geological  Society,  the  Geological 
Magazine,  the  Royal  Geographical  Society's  and  other  scientific 
journals.  Mr.  Ghtrwood  has  done  excellent  field  work  in  the  Alps, 
the  Himalayas,  in  Spitzbergen  ;  and  in  writing  upon  the  Magnesian 
Limestone  and  the  '  Great  Whin  Sill,'  and  the  Life-zones  of  the 
British  Carboniferous  Rocks.  He  has  been  for  some  years  a  Lecturer 
at  Harrow,  and  as  a  University  Extension  Lecturer  is  well  known 
and  esteemed  by  the  scientific  public. 

Although  Professor  Bonney  is  relinquishing  the  Chair  of  Geology 

'^-^iversity  College,  he  intends  still  to  pursue  his  scientific  and 
7  work  and  will^tffi^^^Riufs^igBJical  duties  as  heretofore. 
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I. — On   '  Pfrgoua  cbstacea,*    a  Cibripbde,  from  the    Upper 
Chalk  of  Norwich  and  Margate. 

By  Henry  TToodwabd,  LL.D.,  F.R.S.,  V.P.Z.S.,  F.G.S. 

(PLATE  VIII,  Fios.  1-5.) 

IN  the  year  1865  1  notioed  the  oooarrence  of  what  appeared  to  be 
a  sessile  Cirripede  from  the  Upper  Chalk  of  Norwich,  and 
referred  it  to  Leach's  genus  Pyrgoma.  For  this  unique  example  the 
name  of  Pyrgoma  cretacea  was  then  proposed/  and  afterwa^s,  in 
1868,  it  was  more  folly  described  and  figured  by  me  in  the 
Gbologioal  Magazine.'  I  also  pointed  out  that  Charles  Darwin, 
in  his  Mon(^raph  on  the  Fossil  Girrepedia,'  had  described  a  fossil 
form  belonging  to  this  genus  under  the  name  of  JPyrgama  anglieum, 
from  the  CoraUine  Crag  of  Bamsholt,  Suffolk,  a  species  found  living 
off  the  south  coast  of  England  and  of  Ireland,  Sicily,  Madeira,  Cape 
de  Verde  Islands,  etc.  ;  while  Michelotti  had  named,  but  not 
described,  a  species  {Pyrgoma  undata)  from  the  North  Italian 
Tertiary  strata. 

The  only  other  form  of  sessile  Cirripede  known,  which  extends 
back  in  time  to  the  Chalk  formation,  is  the  genus  Verruca,  which 
M.  Bosquet  of  Maestricht  first  described  in  1863  from  the  Chalk  of 
Limbourg  under  the  name  of  Verruca  prisca^  This  species  was 
likewise  discovered  by  J.  de  C.  Sowerby  in  the  Upper  Chalk  of 
Norwich,  and  described  under  the  same  name  by  Charles  Darwin.* 
Like  the  genus  Pyrgoma,  Verruca  occurs  fossil  {Verruca  StrOmia)  in 
the  Glacial  beds  of  Scotland,  the  Red  and  Coralline  Crag  of  Suffolk, 
and  recent  on  the  shores  of  Great  Britain  and  Ireland,  etc. 


>  Brit.  Aflsoc.  Birmingham  (1865),  Reports,  p.  321. 

'  Gbol.  Mao.,  Dec.  I,  Vol.  V  (1868),  pp.  268-9,  PI.  XIV,  Figs.  1,  2. 

'  *•  The  Fossil  Balanidw  and  Vemicidao^* :   Pal.  Soc,  1864,  p.  36,  tab.  u,  fig.  7. 

*  J.  Bosquet:  **Mon.  Grustac^s  foss.  terr.  Cr^t.  Dache  de  Limbourg/^  p.  14, 
figs.  1-7.    Darwin  makes  a  distinct  famUy  for  this  genus—the  Veukucid^. 

*  Mon.  Pal.  8oc.,  1854,  p.  43,  tab.  ii,  fig.  10. 
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Darwin,  in  describing  the  genus  Pyrgoma,^  says: — "The  shell 
consists  of  a  single  piece,  generally  without  suture,  even  on  the 
internal  surface;  and  this  b  the  case,  at  least,  in  P.  anglieum,  in 
extremely  young  colourless  examples :  nevertheless,  in  some  speci- 
mens of  this  very  species,  and  of  P.  eonjugatum,  there  were  traces  of 
two,  hut  only  two,  sutures  on  the  sheath,  one  on  each  side  towards  its 
carinal  end.  The  shell  is  often  much  depressed  or  actually  flat ;  in 
P.  anglicum,  however,  the  shell  is  steeply  conical.  The  outline  is 
rather  oval.  The  surface  is  furnished  with  more  or  less  prominent 
ridges,  radiating  from  the  orifice,  which  is  oval  and  small."  (See 
PL  VIII,  Fig.  5.)     "The  shell,"  he  adds,  "  is  unusually  thick." 

"The  basis,  in  all  the  species,  is  more  or  less  regularly  cup-formed 
or  sub-cylindrical.  In  P.  grande  it  penetrates  the  coral  (on  which 
it  is  fixed)  to  a  surprising  depth ;  but  this  is  not  the  case  with 
P.  anglieum,  in  which  the  basis  is  generally  exserted,  as  it  is  in 
a  slight  degree  in  P.  grande,** 

Of  the  opercular  valves  in  the  Chalk  species,  so  important  and 
essential  in  the  study  of  any  of  the  Cirripedia,  we  still  remain  in 
ignorance.  I  should  not-,  therefore,  have  ventured  to  reopen  the 
previous  description  of  the  so-called  '  Pyrgoma  cretacea,*  had  it  not 
happened  that  a  new  and  important  light  has  been  thrown  upon  it, 
quite  unexpectedly,  through  the  discovery  in  the  Chalk  of  Thanet  of 
a  second  specimen  by  my  friend  Dr.  Arthur  Howe,  M.S.,  M.B.C.S., 
F.O.S.,  of  Margate.  This  gentleman's  admirable  researches  on  the 
zones  of  the  English  Chalk  have  greatly  added  to  our  knowledge  of 
its  detailed  stratigraphy,  whilst,  by  the  application  of  the  dental 
engine  for  the  development  of  minute  and  delicate  organisms 
preserved  in  the  Chalk,  he  has  made  geologists  acquainted  with 
a  host  of  beautiful  and  novel  organisms,  among  which  the  present 
addition  to  our  knowledge  of  the  form  hitherto  known  as  '  Pyrgoma 
cretacea  *  is  not,  as  I  hope  to  be  able  to  show  in  the  sequel,  the  least 
interesting  and  instructive  contribution. 

Towards  the  close  of  last  year.  Dr.  Rowe  brought  me  the  specimen 
which  is  the  subject  of  the  present  communication,  and  which  is  figured 
(enlarged  three  times)  on  PI.  VIII,  Fig.  4a.  The  original  specimen 
obtained  from  the  Chalk  of  Norwich,  and  described  by  me  in  1865 
(see  PL  yill.  Fig.  3),  consists  of  nearly  half  the  circumference  of 
the  conical  walls  of  the  shell,  the  opercular  valves  and  the  basis 
being  absent. 

I  attributed  the  absence  in  the  Norwich  specimen  of  the  character- 
istic cup-formed  basis,  usually  seen  in  Pyrgoma  anglieum  and  other 
species  of  that  genus,  to  the  readiness  with  which  the  conical  walls 
of  the  shell  separate  from  the  basis,  owing  to  a  cleft  covered  by 
a  membrane  which  may  be  observed  all  round  between  the  lower 
edge  of  the  shell  and  the  basis  in  many  of  the  species.  In  referring 
this  Cretaceous  Balanid  to  Pyrgoma,  I  was  influenced  by  the 
following  considerations,  namely  :  (1)  the  steeply  conical  form  of 
the  shell- wall  (see  PL  YIII,  Fig.  3) ;   (2)  the  rounded  approximate 

1  A  Monograph  of  the  Subclass  Cirripedia,  etc. :  The  Balanid®  and  YerrnddSt 
p.  366.    Bay  Society,  1864. 
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radiating  ribs  wbioh  omameDt  the  snrfaoe ;   (3)  the  thickness  of  the 
«hell-wall ;  (4)  the  absence  of  sutures. 

On  turning  to  Dr.  Rowe's  specimen  from  the  Margate  Chalk,  we 
notice  the  close  resemblance  of  the  shell-walls  (PI.  VIIT,  Fig.  4a, 
c.  and  r.)  with  the  Norwicb  example,  the  external  surface  in  both 
being  marked  by  strong  radiating  vertical  costsB,  crossed  at  regular 
intervals  by  well-marked  transverse  rings,  forming  with  the  costae 
a  delicate  reticulated  ornamentation  like  basket-work  on  the  surface. 
In  Dr.  Rowe's  specimen  the  opposite  curved  portions  (r.  and  c.)  appear 


Fio.  I. — PoUicipes  polynwi'm,  G.  B.  Sowerb^.  Living^:  Upper  California,  Pacific, 
etc.  (Alter  C.  Darwin's  figure,  op.  eit.,  pi.  vii,  fig.  2.)  **  Capitulum  with 
two,  three,  or  more  whorls  of  valves  under  the  rostrum;  latera  regularly 
;>;radnated  in  size  from  the  uppermost  to  the  lowest ;  scales  of  the  p^uncle 
arranged  in  close  whorls."  The  range  of  the  renus  extends  from  the  Rhrotic 
beds ;  the  Great  Oolite,  Stonesfield  and  Eyeford ;  the  Oxford  Clay,  the  Gault, 
Upper  Greensand,  Upper  Chalk,  the  Eocene  Tertiary,  Isle  of  Wight ;  the 
Tertiary  of  Messina  ;  and  living  in  the  seas  of  Europe,  etc.,  at  the  present  day. 

Fio.  2. — Catophragmus  polytnerna,  Darwin.  Living :  Australian  Coast.  (After 
C.  Darwin's  figure,  op.  cit.,  pi.  xx,  figs.  4<i-4*.)  "Interior  compartments 
eight,  with  several  exterior  whorls  of  small  supplemental  compartments; 
basis  membranous."  '*  In  large  old  specimens  there  are  ten,  or  even  more, 
whorls  of  compartments,  but  it  is  scarcely  possible  to  count  them  with  any 
accuracy."     This  genus  does  not  occur  in  a  fossil  state. 

Fio.  2a. — External  view  of  one  of  the  imbricated  scales  or  valves,  from  the  second 
whorl,  counting  from  the  inside. 

at  first  sight  to  have  been  forced  apart,  or  else  that  two  additional 
lateral  compartments  of  the  shell- wall  have  fallen  out  and  been  lost ; 
bnt  this  does  not  seem  to  have  been  the  case.  The  important 
difference  lies  in  the  fact  that,  whereas  in  the  Norwich  specimen 
(PI.  Yin,  Fig.  3)  the  shell-wall  is  exposed  and  bare  to  its  basis,  in 
the  Margate  specimen  the  base  is  concealed  by  a  quite  undisturbed 
semioircular  quadruple  row  of  shelly  imbricated  scales  (PL  VIII, 
Fig.  4a,  t.«.,  t.«.),  analogous  to  those  at  the  base  of  the  capitulum  of 
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Peduncalated  Girripedes  (Lepadidad),  suoh  as  PolUcipea  mileUa 
(PL  VIII,  Figs.  2a,  26)  and  P.  polymerus  (Woodcut,  Fig.  1),  but 
which  are  absent  in  ordinary  sessile  forms  (Balanidsd). 

Thus,  in  Dr.  Bowe's  specimen  we  have  presented  to  us  a  Girripede 
of  the  greatest  interest,  offering  a  most  important  connecting  link 
between  the  more  ancient  Psdunculata  or  Lbpadiba  and  the  more 
modern  Opkboulata  or  Balanidje. 

Turning  to  the  genus  Catophragmua  of  Sowerby  (Woodcut,  Fig.  2), 
we  find  a  sessile  Balanid  which  assists  us  in  l^be  interpretation  of 
Dr.  Bowe*s  most  interesting  Ghalk  Girripede,  and  also  that  Gharles 
Darwin  had,  in  1854,  already  pointed  out  the  significance  of  the 
structure  of  the  shell  in  Catophragmus  as  a  means  of  bridging  over 
the  interval  between  the  sessile  and  pedunculated  forms  of  Girripedia 
which  Dr.  Howe's  specimen  had  suggested  to  my  mind  when  he  first 
placed  it  in  my  hands  at  the  end  of  last  year.  *'This  genus  of 
Catophragmus,**  writes  Darwin,^  **  is  very  remarkable  among  sessile 
Girripedes,  from  the  eight  normal  compartments  of  the  shell  being 
surrounded  by  several  whorls  of  supplemental  compartments  or 
scales :  these  are  arranged  symmetrically,  and  decrease  in  size,  but 
increase  in  number  towards  the  circumference  and  basal  margin. 
A  well-preserved  specimen  has  a  very  elegant  appearance,  like 
certain  compound  flowers,  which  when  half  open  are  surrounded 
by  imbricated  and  graduated  scales.  The  Ghthamaline,  in  the 
structure  of  the  mouth  and  cirri,  and  to  a  certain  extent  in  that 
of  the  shell,  fill  up  the  interval  between  the  Balaninse  and 
Lepadidse ;  and  Catophragmua  forms,  in  a  very  remarkable  manner, 
the  transitional  link,  for  it  is  impossible  not  to  be  struck  with  the 
resemblance  of  its  shell  with  the  capitulum  of  PolUeipes  (see 
Fig.  1).  In  PoUicipeSj  at  least  in  certain  species,  the  scuta  and 
terga  are  articulated  together;  the  carina,  rostrum,  and  three  pairs 
of  latera,  making  altogether  eight  inner  valves,  are  considerably 
larger  than  those  in  the  outer  whorls  ;  the  arrangement  of  the  latter, 
their  manner  of  growth,  and  union,  all  are  as  in  Catophragmua,  If 
we  in  imagination  unite  some  of  the  characters  found  in  the 
different  species  of  PolUcipea,  and  then  make  the  peduncle  so 
short  (and  it  sometimes  is  very  short  in  P.  mitella)  that  the  valves 
of  the  capitulum  should  touch  the  surface  of  attachment,  it  would  be 
impossible  to  point  out  a  single  external  character  by  which  the  two 
genera  in  these  two  distinct  families  could  be  distinguished :  but 
the  more  important  differences  in  the  arrangement  and  nature  of  the 
muscles,  which  are  attached  either  to  the  opercular  valves  or  surround 
the  inside  of  the  peduncle,  would  yet  remain." 

Although  Dr.  Howe's  Gretaceous  Girripede  lacks  the  opercular 
valves,  it  enables  us  to  conclude,  from  the  presence  of  the  three  or 
four  rows  of  imbricated  scales  around  the  base  of  the  capitulum,  that 
this  form  must  at  once  be  removed  from  the  genus  Pyrgoma,  with 
which,  as  one  of  the  Balaninse,  it  has  only  a  very  remote  affinity. 

^  A  Monograph  of  the  Subclass  Girripedia :  The  Balanida*,  etc.,  pp.  485-7^ 
pi.  XX,  fig.  4.     Ray  Society,  1854. 
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Nor  can  we  place  it,  as  I  at  first  conoeiyed  to  be  possible,  in 
Darwin's  subfamily  Chthamalinsd,  which  embraces  Chthamalus, 
Chamastpho,  Fachylasma,  Octomeris,  and  Catophragmus,  all  of 
which  are  very  irregular  and  aberrant  forms  of  Balaninsd,  of 
which  the  same  author  observes  that  they  differ  in  many  important 
respects  from  the  Balaninse  proper  and  approach  the  Lepadidae, 
as,  for  instance,  in  the  supplemental  whorls  of  imbricated  scales  or 
compartments  in  Catophragmus,  etc. 

We  should,  I  think,  rather  regard  this  Cretaceous  type  as  an 
ancient  pedunculated  Cirripede,  which,  judging  from  the  form  and 
thickness  of  its  carina  and  rostrum,  appears  to  be  assuming  a  more 
sessile  condition  of  gi'owth,  and  by  a  later  and  further  modification 
may  have  become  completely  so. 

From  the  undisturbed  triple  or  quadruple  arrangement  of  imbri- 
cated scales  enclosing  the  base  it  is  quite  certain  that  the  carina  (c.) 
and  rostrum  (r.)  (Pi.  VIII,  Fig.  4a)  could  not  have  united  to  form 
a  conical  shell-wall  like  that  in  Pyrgoma  angUcum  (PI.  VJII,  Fig.  5), 
as  I  originally  supposed,  nor  do  I  think  it  could  have  had  other 
lateral  compartments  between  r.  and  c.  to  complete  the  shell-wall 
on  the  Balanus  type  of  structure,  the  large  size  of  the  scales  in  the 
centre  suggesting  rather  that  they  were  the  sub-latera,  as  in  the 
capitulum  of  PoUicipes.  It  seems  much  more  probable  that  the 
scuta  and  terga  and  perhaps  a  small  and  narrow  latus  took  part,  as 
in  Pollictpes,  in  building  up  the  capitulum,  the  basis  of  which  was 
protected  by  a  series  of  imbricated  shelly  plates.  In  point  of  fact 
we  have  here  a  PoUicipes  which  has  abandoned  its  peduncle,  and 
whilst  still  retaining  the  rows  of  imbricated  scales  at  the  base  of  its 
capitulum,  has  settled  down  into  the  preliminary  stage  of  becoming 
a  permanently  sessile  form. 


r.    —  rostrum.  e.     =  carina. 

i.f.  =  imbricated  st-ales.  i.s.  =  imbricatt-d  scales  at 

*./.  =  sub-latcra.  base  of  capitulum. 


H.l. 

Fig.  3. — Brachylepan  ereiaeea,  geu.  no  v.  (capitulum  restored).  The  original  fig:ure 
of  Dr.  Rowe*s  specimen  is  here  reproduced  and  restored  by  the  addition  of 
/.  latus  ;  8.  scutum ;  t.  tergum.  The  rostrum  (r.)  and  carina  (c.)  and  the 
imbricated  scales  (i.a.,  i.8.)  are  copied  from  the  original  figure. 

As  Lepaa  was  the  name  originally  given  by  Linnaeus  to  embrace 
both  the  pedunculated  and  sessile  species,  the  designation  Brachylepas 
may  serve  to  express  the  present  type,  which  embraces  characters 
apparently  common  to  both  divisions  of  Cirripedia.  The  trivial 
name  eretaeea  is  of  course  retained. 

The  new  form  should,  I  think,  be  placed  in  a  separate  family, 
intermediate  between  the  Pedunculata  and  Operculata,  as — 
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Family    BBACHTLEPADIDiE. 
BRACHYLEPAS,  gen.  nov.,  1901. 
Non  Pyrgoma  (as  applied  by  H.  "Woodw.,  1865,  Brit.  Assoc.  Rep.,  p.  321). 
Valves  about  100  in  number ;  latera  of  lower  whorl  numerous ; 
lines  of  growth  directed  downwards  ;  peduncle  absent 

Braohtlepas  gbetagba,  H.  Woodw.     (PI.  YIII,  Figs.  4a,  6.) 

Capitulum  with  three  or  four  whorls  of  valves  under  the  rostrum ; 
apparently  only  three  rows  under  the  carina ;  sub-latera  larger  than 
the  rest.  The  base  on  the  side  figured  shows  about  fifty-four' 
shelly  imbricated  plates  or  scales  forming  eighteen  vertical  rows, 
arranged  partly  in  three  and  partly  in  four  rows ;  they  are  smaller, 
narrower,  and  more  pointed  under  the  rostrum  (r.),  and  largest  and 
broadest  in  the  centre  below  the  latm  (see  restoration,  Fig.  3,  {.), 
as  we  see  is  the  case  in  PoUicipes  polymerus  (Woodcut,  Fig.  1), 
where  the  latera  are  regularly  graduated  in  size  from  the  uppermost 
to  the  lowest  of  the  series.  The  scales  under  the  carina  (o.)  are 
larger  than  those  beneath  the  rostrum  (r.) ;  but  they  are  narrower 
and  more  pointed  than  those  of  the  lateral  senes  (which  are 
reproduced  enlarged  on  PI.  VIII,  Fig.  46).  The  scales  have 
a  strong  median  ridge  with  lateral  divaricating  lines,  giving  the 
free-edges  a  delicately  plicated  border.  The  median  ridge  is  narrower 
and  sharper  in  the  scales  beneath  the  rostrum,  and  broadest  on  the 
lateral  scales. 

The  carina  (c.)  is  marked  by  strong  vertical  ridges,  which  are 
crossed  by  numerous  finer  encircling  bands,  running  parallel  to  the 
base,  giving  to  both  the  carina  and  rostrum  a  delicate  reticulated 
surface.  The  walls  of  both  are  thick,  and  so  far  as  can  be  seen 
quite  smooth  on  the  inner  surface.  On  the  opposite  aspect  of  the 
carina  to  that  drawn,  the  base  of  the  capitulum  is  seen  to  be  nearly 
wholly  exposed  and  bare,  save  for  the  presence  of  three  of  the 
shelly  scales  which  remain  in  situ  adhering  to  the  carina,  the 
largest  of  which  is  4  mm.  in  length.  The  semicircular  wall  of 
the  carina  measures  about  17  mm.  near  its  base  around  its  outer 
face,  and  its  height  on  the  side  not  covered  by  the  sheath  of 
imbricated  scales  is  8^  mm.  The  rostrum  is  considerably  smaller 
than  the  carina ;  it  measures  15  mm.  around  the  outer  surface  near 
the  base,  and  is  6  mm.  in  height. 

The  sheath  of  imbricated  scales  covers  the  base  of  the  rostrum,  on 
the  side  drawn  in  the  Plate,  2  mm.  deep,  and  extends  also  2  mm. 
below  the  base  of  the  rostrum,  the  whole  series  of  scales  being 
a  little  over  4  mm.  deep. 

Viewed  from  above,  the  body-cavity,  enclosed  in  the  convexities 
of  the  carina  and  rostrum,  is  seen  to  be  oval,  being  8  mm.  long  by 
6  mm.  broad.  The  walls  of  the  capitulum  are  very  steep,  the  carina, 
which  is  also  much  the  highest,  seeming  almost  to  overhang  at  its 
summit. 

^  That  is,  64  plates  on  the  side  figured  ;  if  perfect,  there  would  have  been  an  equal 
number  on  the  other  side,  or  about  108  in  all. 
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The  imbrioated  scales  or  plates,  whioh  extend  below  the  base  of 
the  rostrum  and  carina,  spread  outwards  at  a  considerably  wider 
angle  than  the  oapitulum.  The  attached  valve  of  some  small  mollusc 
is  seen  adhering  to  the  imbricated  scales  below  the  rostrum. 

From  the  disparity  in  the  proportions  of  the  rostrum  and  carina, 
and  the  absence  of  al»,  we  arrive  at  the  conclusion  that  the  terga 
and  scuta  were  not  mere  opercular  valves,  but  formed  a  part  of  the 
capitulum ;  that  latera  were  also  present  is  proved  by  the  increase 
in  size  of  the  sub-lateral  scales,  which  are  much  larger  than  those  of 
the  rostral  or  carinal  series  (see  PI.  VIII,  Figs.  4a,  6). 

There  can,  I  think,  be  no  reasonable  doubt  that  Brachylepas  forms 
a  distinct  family,  from  which  at  a  later  period  probably  the  modern 
Operculata  have  arisen. 

The  place  of  Brachylepas  in  the  phylogeny  of  the  subclass  may  be 
indicated  as  follows  : — 


CIRRIPEDIA. 


Pbdunculata 
{Zepadida) 

Zspfu      Sealpellttm      PoUicipes 

\       \  \ 


\ 


Opkrculata 
{Balanida,  etc.,  etc.). 


CatophragmH9 

\ 


BalanWy  etc.,  etc. 


\ 

Sealpellwn  (Gault)     \ 


Bhachylepas  (Chalk) 


Bollicipes  (Rhwtic) 


Turrilepat  (Silurian) 


EXPLANATION  OF  PLATE  VIII,  Fios.  1-5. 

Fio.  1. — Balanm  Hameri,  Asc.   Recent :  British.    (Ad  nat.)  \.    (See  also  Darwin's 

"  Balanidie,"  p.  277,  pi.  lii,  fig.  5.)  r.  rostmm ;  e,  carina ;  r./.  rostro-hteral 

compartment ;    /.  lateral  compartment ;  Le,  carino  -  lateral  compartment ; 

b,  basis ;  or.  opercular  valves. 
Fio.  2a. — FoUieipes  mitella,  Linn.    Recent:  East  Indies.    (Ad nat.)  f.    «.  carina; 

t,  tergum ;  s.  scutum ;  r.  rostrum ;  /.  latus ;  a.r.  sub-rostrum ;  s,e,  sub-carina ; 

between  «.r.  and  i.e.  the  valves  of  the  lower  latera  are  seen ;  p.8,  peduncular 

scales. 
Tlo.  2^.~Four  of  the  lower  latera,  with  some  of  the  peduncular  scales  enlarged. 

Three  times  natural  size. 
Fio.  8. — *  Fyrgoma  eretaeea  '  =  Brachyl^as  cretaeea  (the  original  specimen  figured 

Gbol.  Mag.,  Dec.  I,  Vol.  V,  1868,  p.  268,  PI.  XIV,  Figs.  I,  2).    From  the 

Chalk  of  Norwich.     Pre6er\-ed  in  the  British  Museum  (Natural  History). 

Enlarged  twice  natural  size. 
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Fio.  4a. — Braehylepat  cretacea.  Specimen  obtained  and  developed  by  Dr.  Arthur 
Rowe,  M.S.,  M.R.C.S.,  F.G.S.,  from  the  Chalk  of  Margate.  Enlarged 
three  times  natural  size.  Original  preserved  in  Dr.  Howe's  cabinet,  c,  carina ; 
r.  rostrum ;  i.«.,  «.«.  imbricated  scales  at  base  of  capitulum. 

Fio.  ib, — Sub-lateral  scales,  enlarged  six  times  natural  size.  From  the  centre  of 
series  just  below  the  latus  (see  restoration  in  text,  Fig.  3,  /). 

Fio.  5. — Fyrgoma  analicum^  Leach  (viewed  from  above).  From  tne  Coralline  Crag, 
Ramsholt,  Suffolk.  Enlarged  four  times  natural  size.  Recent :  Great  Britain, 
Europe,  Cape  de  Verde.  (Copied  from  Darwin's  '*  Balanidie":  Pal.  Soc. 
Mon.,  1864,  tab.  ii,  fig.  7a.) 

II. — Note  on  bomb  Carboniferous  Trilobites. 

By  Henkt  Woodwam),  LL.D.,  F.R.S.,  F.G.S. 

(PLATE  VIII,  Figs.  6-8.) 

THE  problems  of  life  which  the  biologist  is  called  upon  to  solve 
pi-esent  so  many  and  such  varied  aspects  that  they  are  never 
likely  to  become  exhausted,  or  to  weary  by  reason  of  their  monotony. 
Among  these  the  appearances  and  disappearances  of  groups  in  time 
(like  the  players  on  Shakespeare's  mimic  stage)  are  certainly  not  the 
least  interesting  questions  awaiting  solution. 

In  the  case  of  the  Trilobita,  we  are  indebted  to  Walcott  in 
America,  Hicks  in  Wales,  Lap  worth  in  England,  Peach  and  Home 
in  Scotland,  Nathorst  in  Sweden,  Miokwitz  in  Eussia,  and  Holm  in 
Lapland  for  extending  the  Olenellus  zone  back  in  time  to  the  Lower 
Cambrian,  thus  giving  to  the  Trilobites  a  vast  increase  in  antiquity, 
without  by  any  means  reaching  the  dawn  of  life  of  this  group. 

The  existence  of  Trilobites  in  the  Carboniferous  Limestone  was 
made  known  as  early  as  1809,  but  no  upward  extension  has  occurred 
during  the  lapse  of  nearly  one  hundred  years,  save  their  discovery 
in  the  Culm  of  Waddon-Barton,  Cbudleigh,  and  Barnstaple,  Devon- 
shire,^ still  within  the  Lower  Carboniferous  series.  One  is  tempted 
to  ask,  did  they  survive  beyond  the  seas  of  the  Lower  Carboniferous 
period,  and,  if  not,  what  was  the  cause  of  their  extermination  ?  To 
these  inquiries  our  researches  have  at  present  yielded  no  reply. 

It  seems  difficult  to  understand  why  the  conditions  which  pre- 
vailed in  the  seas  during  the  slow  building  up  of  the  vegetable 
deposits  of  the  Coal-period  on  the  adjacent  low-lying  lands  were 
inimical  to  the  life  of  the  Trilobita,  seeing  that  near  those  old  lands 
several  species  of  small  king-crabs  (ZtmuZi)  were  living,  larger 
Eurypterus  -  like  Crustaceans,  small  aquatic  forms  of  Cyelus, 
numerous  Brachyurans  (the  first  lobsters),  Anihrapalamon,  Fygo- 
cephalus  (a  Stomapod),  with  Phyllopod  and  Os traced  Crustaceans 
in  great  abundance :  apparently  offering  an  undoubted  certificate  as 
to  the  salubrity  of  this  marine  resort    Tet  the  Trilobites  disappeared. 

Although  limited  in  the  number  of  genera  and  species,  the 
Carboniferous  and  Culm  Trilobites  form  a  most  elegant  and  attrac- 
tive group,  but  they  do  not  display  that  great  variety  of  form  or 
ornamentation  which  characterized  their  predecessors  in  Silurian 
times. 

^  H.  Woodward,  •*  Trilobites  from  the  Culm  of  Devon"  :  Pal.  Soc.  Mon.,  18S4, 
Carboniferous  Trilobites,  pp.  69-70,  pi.  x.  Also  Quart.  Joum.  Geol.  Soc.,  vol.  li 
(1896),  pp.  646-9. 
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■  Since  I  published  my  monograph  on  Carboniferous  Trilobites 
(1883-1884,  Pal.  Soo.  Mon.,  pp.  1-86,  pis.  i-x),  I  have  given  in  this 
Magazine  for  1894  (Deo.  IV,  Vol.  I,  pp.  481-489,  PI.  XIV) 
descriptions  of  two  new  species,  namely,  FhiUipsia  Van-der-Grachtii 
and  P.  Follenif  from  the  Carbonaceous  shale,  banks  of  the  River 
Hodder,  Stonyhurst,  Lancashire. 

In  November,  1895,  I  examined  a  number  of  specimens  submitted 
to  me  by  Dr.  G.  J.  Hinde  and  Mr.  Howard  Fox.  from  the  Culm  of 
Devonshire  and  from  a  white  siliceous  rock  at  Hannaford  Quarry, 
near  Barnstaple.  These  represented  forms  already  described  as 
FhiUipsia  Zeei,  Fh.  minor j  Ph,  CUffordi,  FhiUipsia  ?  (a  larval  form). 
Griffithides  acanthiceps,  O.  longispinus,  Froetus  sp.  a,  Proetus  sp.  b 
(Q.J. as.,  vol.  li,  1895,  pp.  646-649,  pi.  xxviii,  figs.  1-8). 
Mr.  J.  G.  Hamling,  Miss  Partridge,  and  Mr.  A.  K.  Coomara- 
Swamy,  F.G.S.,  have  also  sent  me  specimens  from  Barnstaple  for 
examination,  some  of  which  I  hope  to  figure  and  notice  shortly. 

Last  year,  when  visiting  my  friend  Mr.  E.  Howarth,  F.R.A.S., 
F.Z.S.,  the  energetic  Curator  of  the  Public  Museum,  Weston  Park, 
Sheffield,  I  discovered  that  this  museum  possesses  a  most  excellent 
series  of  Trilobites  from  the  Carboniferous  Limestone  of  Derbyshire, 
of  the  existence  of  which  I  was  previously  unaware. 

The  collection  was  derived  from  two  sources: — (1)  Purchased 
with  the  geological  collection  of  the  Rev.  Urban  Smith,  vicar  of 
Stoney  Middleboro'  (near  to  Eyam),  Derbyshire,  an  ardent  geologist 
who  during  many  years'  residence  in  this  district  formed  a  large 
collection  chiefly  obtained  from  the  Carboniferous  Limestone  of  his 
own  immediate  neighbourhood.  The  specimen  H.  88.  1103, 
Griffithides  longiceps,  Portlock,  figured  on  our  PI.  VIII,  Fig.  6, 
enlarged  three  times  nat.  size,  is  from  this  collection.  (2)  The 
second  collection  was  purchased  as  a  part  of  the  museum  of  Thomas 
Bateman,  Esq.,  of  Middleton  Hall,  near  Bakewell,  Derbyshire. 
Mr.  Bateman  wrote  several  books  on  the  antiquities  of  Derbyshire 
and  Yorkshire,  and  his  archasological  and  geological  collections  were 
purchased  for  the  Sheffield  Museum  (see  Review  of  Mr.  Howarth's 
Catalogue  of  Bateman  Collection,  Gkol.  Mag.,  1901,  p.  37).  The 
specimen  H.  93.  118,  of  G,  longiceps,  figured  on  our  Plate  (PI.  VIII, 
Figs.  7,  8,  enlarged  three  times  nat.  size),  is  from  the  Bateman 
Collection.  From  the  Carboniferous  Limestone  of  Wettin  Hill, 
Derbyshire. 

It  is  most  rare  to  meet  with  specimens  from  the  Carboniferous 
Limestone,  such  as  the  two  here  figured,  in  which  the  head,  thorax, 
and  abdomen  (or  pygidium)  are  preserved  united  in  the  same 
individual ;  the  thoracic  segments  are  very  commonly  absent,  and 
the  head-shield  and  pygidium  are  usually  found  separately,  so  that 
their  description  is  often  attended  with  considerable  difficulty  and 
uncertainty. 

I  set  out  with  the  full  conviction  that  the  above  examples,  the 
details  of  which  are  so  remarkably  well  preserved,  entitled  them  to 
specific  distinction ;  but  after  more  careful  study  I  can  only  conclude 
them  to  represent  a  more  slender  variety  of  G,  longiceps,  the  axis  of 
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which  is  distinotly  narrower  than  that  figured  by  me  in  1883  (Pal. 
Soo.  Mon.,  pi.  vi,  figs.  7  and  8). 

The  description  given  at  pp.  33-34  closely  agrees  with  our  present 
specimens,  save  in  one  particular,  namely,  the  axis  is  there  stated 
to  be  equal  to  half  the  entire  breadth  of  the  thorax,  whereas  in 
Fig.  6  of  our  Plate  VIII  it  is  shown  to  be  exactly  one-third  the 
entire  breadth  of  the  thorax.  This  form  might  therefore  be 
recognized  as  Qriffithides  longiceps,  var.  anguata,  H.  W. 

The  following  is  a  list  of  the  Trilobites  from  the  Carboniferous^ 
Limest-une  in  the  Sheffield  Museum,  all  from  Derbyshire  :  — 
Phillipsia  Derbiensis,  Martin,  sp.,  1809. 
„         gemmtUifera,  Phillips,  sp.,  1836. 
„         Eichtoaldiy  Fisher,  sp.,  1825. 
Griffithides  globicep$y  Phillips,  sp.,  1836. 

Carringtonensis,  Etheridge  MS.  (H.  W.,  1884). 
„         longiipinuSf  Portlook,  1843. 
„         semini/erus  (a  very  good   specimen   in  *  Rotten   stone'), 

Phillips,  sp.,  1836. 
„         longiceps,  Port  lock,  1843. 

„  var.  angusta.     (PI.  VIII,  Figs.  6-8.) 

Brachymetopus  Ouralious,  De  Vemeuil,  1846  (a  large  series  of  very 

good  detached  head-shields  and  pygidia). 
Proetus,  sp.  ind.  (some  small  detached  pygidia). 
Some  large  detached  pygidia  in  this  collection  may  be  new. 

EXPLANATION  OF  PLATE  VIII,  Fio».  6-8. 
Fio.  6,—OriJiChides  lon^iceps,  Portlock,  var.  anffusta,  H.  W.    CarboniferouB  Lime* 

stone:  Stoney  Middleboro'. 
Figs.  7,  8. — G,  lonffieepa,  var.  angtuta.    Carboniferous  Limestone:   "Wettin  Hill, 
Derbyshire. 

Figures  enlarged  three  times  natural  size.     Original  specimens  preserved  in 
the  Sneffield  Museum. 


IIL — Notes  on  the  Oeoloqt  op  the  Eastern  Desert  of  Boypt. 

By  T.  Bakrox,  A.R.C.S.,  F.G.S.,  etc.,  and  W.  F.  Hume,  D.Sc,  A.R.S.M.,  etc. 

(By  permission  of  the  Under-Secretary  of  State  for  Public  Works,  and  the 
Director-General  of  the  Survey  Department.) 

The  paper  is  divided  ioto  two  parts,  viz. : — 

1.  Sedimentary  Rocks. 

2.  Igneous  and  Metamorphio  Rocks. 

Part    I. — 1.  Pleistocene  and  Recent,     (a)  leneous  Gravel  and  Conglomerates. 

\b)  Newer  and  older  Beach  Depomts. 

2.  Pliocene.     Nile  Valley  Limestones  and  Conglomerates. 

3.  Miocene  Beds. 

4.  Eocene  Limestones  and  Shales. 
6.  Cretaceous  Limestones. 

6.  Nubian  Shales  and  Sandstones. 

1.  (a)  Igneous  Oraveh,  etc. — These  consist  of  granite,  gneiss,  and 
many  other  igneous  and  metamorphic  rooks  similar  to  those  met 
with  in  the  Red  Sea  Hills,  and  occur  up  Wadi  Qena  and  spread 
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oat  in  a  fan-shaped  delta  at  its  mouth.  Although  abundant  in 
this  wadi,  they  are  unknown  in  the  side-yalleys,  even  where  they 
are  now  eonneoted  with  the  igneous  hills.  The  explanation  of  this 
is  as  follows : — East  of  Qena  the  Eooene  plateau  has  been  broken 
up  into  a  series  of  outliers,  which  until  quite  recently  were  connected 
by  a  long  ridge,  the  sole  break  being  that  where  Wadi  Qena  passes 
between  the  main  plateau  and  the  outlier  of  Abu  Had.  Previous 
to  the  formation  of  the  latter  fracture,  the  southern  end  of  Wadi 
Qena  was  a  bay,  in  which  flint  containing  conglomerates  and  Pliocene 
limestones  were  being  deposited,  but  when  the  above-mentioned  gap 
was  formed,  the  drainage  from  the  Bed  Sea  Hills  passed  through  to 
the  Nile  Valley.  Similar  gravels  cover  the  Red  Sea  Coast-plain. 
The  age  of  these  beds  has  now  been  shown  to  be  Post-Pliocene, 
as  there  is  a  marked  unconformity  between  them  and  the  latter, 
and  also  because  on  the  Coast-plain  they  are  found  underlying  and 
overlying  limestones  containing  Pleistocene  fossils. 

This  throws  a  strong  light  on  the  age  of  the  Nile.  Mr.  Beadnell 
found  these  gravels  on  the  western  side  of  the  valley,  and  they  are 
apparently  continuous  under  the  Nile  alluvium,  thus  showing  that 
the  Nile  as  a  river  is  later  than  these  gravels,  and  could  not  have 
begun  to  flow  until  late  Pleistocene  times.  These  gravels  are  also 
saggested  as  the  origin  of  the  igneous  pebbles  reported  by  Professor 
Jndd  in  the  Royal  Society's  boring  at  Zaqaziq.  All  the  rocks 
mentioned  can  be  matched  from  the  gravels  near  Qena.  (Since  tlvis 
paper  was  read  similar  pebbles,  but  worn  thin  as  by  long  rolling, 
have  been  found  in  cuttings  in  the  lake  deposits  to  the  north  of 
Helnan.)  The  theory  of  the  derivation  of  the  pebbles  from  the 
northern  part  of  the  Red  Sea  Hills  is  untenable,  as  it  is  known  that 
Wadi  Qena  received  all  the  drainage  from  that  area  in  early 
Pliocene  times. 

These  gravels  are  believed  to  have  been  deposited  in  a  fresh- water 
lake,  a  series  of  which  were  formed  as  the  sea  retreated  down  the 
Nile  VaUey. 

1.  (6)  Baised  Beaches  and  Coral  Beefs, — ^Five  series  are  recognised, 
of  which  the  youngest  is  below  sea-level,  their  succession  being  aa 
follows : — 

(1)  The  coral  reefs  at  present  forming  in  the  Red  Sea. 

(2)  The  raised  beaches  and  lower  coral  reefs  which  flank  the  coast, 

varying  in  height  from  near  sea-level  to  2d  metres  above 
the  sea. 

(3)  A  higher  coral  reef  series  on  an  average  four  to  seven  kilo- 

metres from  the  sea,  and  at  various  levels  between  115  and 
170  metres. 

(4)  A  disturbed   coral   reef  dipping  20  degrees  eastward,  closely 

related  to  the  previous  one. 

(5)  An    old    coral    reef    in    which    the    affinities    are    as    much 

Mediterranean  as  Erythredan,  regarded  at  present  as  Miocene. 

Along  the  shore  '  storm-beaches  *  are  common ;  in  some  places  the 
shells  form  well-marked  zones ;   while  the  higher  beaches  and  reefs 
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are  distiDguished  more  or  less  from  the  lower  by  a  different  fauna. 
The  disturbed  reef  has  been  formed  previous  to  the  formation  of  the 
parallel  ranges  of  Jebel  Esh  and  Zeit,  thus  bringing  up  the  fault- 
movement  to  very  recent  times. 

In  this  area  there  is  an  inversion  of  the  stratigraphical  arrangement, 
the  higher  beds  being  the  older,  the  reefs  being  formed  during 
a  period  of  secular  elevation.  There  is  also  apparently  a  long  break 
between  the  two  reefs,  the  explanation  suggested  being  as  follows  : — 

The  first  great  Tertiary  earth-movement  in  the  Bed  Sea  region 
was  previous  to  the  Upper  Miocene  and  subsequent  to  the  Eocene, 
the  latter  being  faulted,  and  beds  of  the  former  deposited  in  the 
troughs  produced.  Later,  as  the  result  of  further  movements,  coral 
reefs  were  formed  on  the  sides  of  the  igneous  hills,  but  as  soon  as 
(owing  to  continued  elevation  and  denudation)  valleys  had  formed, 
down  which  torrents  carried  masses  of  pebbles,  etc.,  the  conditions 
became  unfavourable  for  the  formation  of  true  reefs,  and  only  gravels 
were  deposited.  This  view  assumes  the  existence  of  marked  pluvial 
conditions,  as  maintained  by  previous  writers,  and  it  was  only  when 
the  present  desert  conditions  set  in  that  the  reefs  again  began 
to  grow. 

2.  Pliocene, — Mayer-Eymar  and  Dawson  have  both  regarded  the 
Nile  Valley  as  an  arm  of  the  sea  in  recent  times  as  far  up  as  Assuan. 
A  foraminiferal  limestone,  found  by  Mr.  Barron  near  Erment  and 
which  has  been  described  by  Mr.  F.  Chapman,  contained  two  out  of 
five  species  described  not  older  than  Miocene,  while  one  is  not 
known  before  Pliocene  times,  thus  proving  the  above  theory.  Beds 
of  the  same  age  are  found  in  Wadi  Qena.  They  form  a  plateau 
consisting  of  flint  conglomerates,  white  limestone,  and  at  the  base 
marls  and  fissile  sandstones  which  vary  greatly,  the  limestones 
being  lenticular  and  thinning  out  to  the  east.  The  conglomerates 
are  formed  by  the  denudation  of  the  Eocene  limestone.  The 
succession  of  these  beds  is  as  follows : — 

(1)  On  the  boundary -line  with  the  Eocene  rocks,  breccias  of  flinty 

and  cherty  limestone  with  lenticles  of  limestone  interbedded. 

(2)  Conglomerates  of  well-rounded  pebbles. 

^3)  Pure  white  limestones,  perhaps  partly  siliceous. 

(4)  Marls  and  clays. 

(5)  Sandy  clays. 

These  beds  are  regarded  as  Pliocene  on  three  grounds— (1)  They 
have  no  resemblance  to  known  Miocene  beds  in  Egypt ;  (2)  they 
are  identical  in  all  essential  particulars  with  the  foraminiferal  series 
of  the  Nile  Valley ;  and  (3)  the  Pleistocene  gravels  are  younger  and 
unconformable  to  them. 

These  beds  owe  their  origin  to  the  faulting  which  produced  the 
Nile  Valley  and  Wadi  Qena,  and  there  must  have  been  a  subsidence 
of  at  least  400  metres  to  allow  of  their  deposition. 

The  Pliocene  has  been  a  period  of  great  movement  marked  by  the 
formation  of  the  great  rifts  such  as  the  Red  Sea,  with  the  invasion 
of  the  fauna  of  the  southern  seas,  the  Gulf  of  Suez,  the  great  scarp 
of  the  Red  Sea  Hills  and  its  parallel  ranges,  and  the  main  trend  of 
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the  Nile  Valley  and  Wadi  Qena,  the  two  latter  being  in  part  arms  of 
the  sea  extending  far  into  the  land. 

3.  Miocene  Beds. — There  are  no  new  facts  to  be  added  to  the 
results  obtained  by  Mitchell  and  Mayer-Eymar  in  this  area. 

4.  Eocene  Beds. — ^These  can  be  divided  into  two  main  series — 
(a)  a  thick  group  of  limestones  which  are  locally  named  Serrat 
Limestones,  and  (6)  a  thick  group  of  shales,  marls,  and  marly 
limestones  termed  by  the  Survey  the  '  Esna  Shales.' 

(a)  The  summit  of  the  plateau  is  a  bed  containing  a  small 
nummnlite,  underlying  which  is  a  nodular  limestone  forming 
a  distinct,  precipitous,  undercut  cliff  3  metres  high.  Beneath  this 
are  limestones  with  flint-bands  having  a  thickness  of  200  metres, 
and  having  at  their  base  a  chalky  limestone  weathering  pink.  The 
total  thickness  of  this  series  is  225  metres. 

(6)  The  Esna  shales  are  composed  of  yellow  limestones  (Pecten 
Marls)  forming  the  base,  succeeded  by  green  shales,  in  the  middle 
of  which  is  a  limestone,  the  total  thickness  being  122  meti-es. 
The  Eocene  here  belongs  to  the  '  Libysche  Stufe '  of  Zittel  or 
Londinian  stage. 

By  the  discovery  of  the  unconformity  between  the  Eocene  and 
Cretaceous  strata  in  Wadi  Hammama,  the  presence  of  hitherto 
nnsuspected  Eocene  has  been  proved  on  the  eastern  side  of  the 
Bed  Sea  Hills,  such  as  the  faulted  area  of  Jebel  Duwi  and  Nakheil, 
near  Qosseir,  and  the  limestone  range  of  Jebel  Mellaha,  near  Jebel 
Zeit  The  former  is  a  bold  white  cliff  facing  south  and  dipping 
away  at  angles  of  15  to  20  degrees,  and  is  the  result  of  complicated 
folding  and  strike-  and  dip-faulting,  the  flinty  series  being  some- 
times  tilted  at  angles  of  40  degrees,  and  lying  in  succession  against 
Nubian  Sandstone,  metamorphic  rooks,  and  granite,  as  in  Jebel 
Hamrawein.  Jebel  Nakheil  is  an  Eocene  and  Cretaceous  syncline 
in  which  the  succession  is  the  same  as  that  near  Qena.  Other 
oatliers  are  noted  in  Wadi  Hamrawein,  the  country  north  of 
Wadi  Saga,  at  the  confluence  of  Wadi  Safaja  and  Wadi  Wasif,  and' 
to  the  north-west  of  Wadi  Um  Tagher. 

Jebd  Mellaha. — Professor  Zittel,  in  his  map,  following  Sohwein- 
farth's  researches,  refers  the  whole  series  to  the  Cretaceous,  but  the- 
latter  seems  to  have  become  aware  of  the  presence  of  Eocene  later. 
This  range  is  composed  of  the  same  beds  as  Jebel  Nakheil. 

The  Eocene  beds  have  covered  the  whole  of  the  Eastern  Desert 
north  of  lat.  26°  N.,  but  have  been  entirely  removed  except  where 
let  down  by  faults.  They  are  everywhere  unconformable  to  the 
Cretaceous  rocks. 

5.  Cretaceous  Limestones. — After  pointing  out  some  gross  errors 
recently  published  by  Dr.  M.  Blanckenhom,  the  most  important 
points  to  be  noted  are  these : — 

(1)  The  occurrence  of  a  Cretaceous  plateau  at  Wadi  Hammama 
containing  numerous  Cephalopoda,  PtychoceraSy  etc.,  and  a  coprolite 
bed  about  one  metre  thick,  and  extending  over  20  kilometres  to  the 
north,  where  it  runs  to  ground  at  the  foot  of  Abu  Had.  The  coprolite 
bed  contains  50  per  cent  phosphate  of  lime. 


Digitized  by  VjOOQ IC 


158      Messrs,  Barron  Sf  Hume — Eastern  Desert  of  Egypt. 

(2)  There  is  a  distinct  nnconformity  between  the  Esna  Shales 
and  the  Cretaceous. 

(3)  Cretaceous  Plateau  at  the  foot  of  Jehel  Duwi. — This  was 
hitherto  scarcely  known,  and  differs  from  the  previously  described 
area  in  the  absence  of  the  Ptychoceras,  etc.,  and  by  their  replacement 
by  large  Nautili,  associated  with  Lihycoceras  lamaeli  and  beds  of 
Trigonoarca  multidentataf  etc.,  below  which  comes  a  bed  crowded 
with  Ostrea  Villei,  A  strong  unconformity  is  also  here  present 
between  these  beds  and  the  Eocene.  At  the  north  end  of  this 
range,  near  Saga  Plain,  the  coprolite  beds  are  of  unusual  thickness. 

(4)  Confluence  of  Wadi  Safaja  and  Wadi  Wasif — Here  there  are 
two  well-developed  coprolite  beds,  and  a  very  prominent  layer  of 
Baculites.  The  conclusion  arrived  at  is  that  the  Cretaceous  lime- 
stones of  the  area  described  are  of  shallower- water  origin  than  those 
occurring  to  the  north  in  Wadi  Araba,  and  entirely  Carapanian  in 
age,  being  characterized  by  the  abundance  of  their  oysters,  their 
well-marked  coprolite  beds,  and  small  thickness.  This  main  type 
is  of  great  palseontological  variability,  the  beds  near  Qena,  Qosseir, 
and  Mellaha  differing  in  essential  particulars. 

Gypseous  Deposits  near  the  Red  Sea, — These  occur  only  in  the 
'  Eaised  Beach '  area,  and  are  almost  always  intimately  connected 
with  the  limestones  of  this  series.  They  crop  out  from  under  these 
beds,  and,  by  their  invariable  unconformity'  and  constant  height 
above  sea-level,  suggest  a  "plain  of  marine  denudation."  They 
are  the  Lower  Eocene  and  Cretaceous  Limestones  which  have 
been  altered,  not  from  below  as  has  been  previously  believed,  but 
from  above,  as  will  be  shown  in  the  Report  on  Western  Sinai  by 
Mr.  Barron. 

6.  The  Nubian  Shales  and  Sandstone, — ^These  consist  of  soft  green 
and  black  carbonaceous  shales  and  marls,  and  dark -brown  and  red 
.  sandstone.  The  former  being  easily  weathered  are  accountable  for 
the  formation  of  the  large  plains  which  are  met  with  in  the  areas 
occupied  by  this  series.  The  sandstones  show  evidence  of  ripple- 
marking,  sun-cracks,  rain-prints,  and  wonn-tracks.  In  the  softer 
upper  beds,  the  vertebrae  of  a  (?)  Mosasaurus  and  pieces  of  fossil 
wood  in  excellent  condition  were  found.  It  is  everywhere 
unconformable  to  the  underlying  igneous  rocks. 

The  age  of  the  deposit  in  this  district  is  Santonian  or  Lower 
Senonian,  as  shown  by  a  bed  of  oysters  found  in  the  sandstone  near 
El  Geita  by  Mr.  Barron.  No  traces  of  Carboniferous  fauna  have 
been  discovered.  It  is  later  than  the  igneous  range,  and  not  earlier 
as  maintained  by  Floyer  and  Mitchell. 

Part    II. 

Igneous  and  Metamorphic  Books. — ^These  rooks,  forming  a  wide 
band  running  parallel  to  the  Gulf  of  Suez  and  the  Bed  Sea, 
practically  constitute  the  mass  of  the  Bed  Sea  Hills.  The  latitude 
of  27  degrees  N.  closely  agrees  with  an  important  geological 
boundary,  the  granites  playing  a  considerable  part  among  the 
components  of  the  mountain  ranges  north  of  this  line,  while  south 
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of  it  the  metamorphic  rocks  become  increasingly  prevalent  as 
the  Qena-Qosseir  road  is  approached,  the  granite  forming  sharp 
isolated  ridges  rising  abruptly  from  among  low  hills  of  sheared 
diabase  or  slates.  Almost  on  the  southern  edge  of  the  area,  well- 
marked  gneisses  and  schists  give  rise  to  the  range  of  Meeteg,  whose 
rugged  peaks  dominate  the  upper  portion  of  Wadi  Sodmein. 

Mbtamobphio  Rooks. — In  the  following  pages  only  the  most 
important  new  facts  can  be  touched  upon,  these  being  briefly  as 
follows  : — 

OneisBf  etc,  near  Qoweir.— The  northern  track  from  Qena  to 
■Qosseir,  after  passing  through  a  granite  and  dolerite  region,  suddenly 
enters  a  district  composed  of  a  grey,  slightly  schistose  rock,  breaking 
off  into  long  splinters.  Through  it  run  numerous  solution  veins 
of  quartz,  bands  of  calcite  and  carbonate  of  iron,  all  of  which  have 
been  extensively  worked.  These  slates,  having  a  distinct  satiny 
InstrSy  and  forming  low  ridges  on  the  western  edges  of  the  two  high 
ranges  of  El  Rebshi  and  Meeteg,  dip  steeply  south-west,  but  at  the 
base  of  the  former  mountain  system  are  replaced  by  underlying 
green  phyllites,  into  which  numerous  dykes  of  dolerite  have  been 
intruded,  quartz  veins  being  also  common. 

The  main  range  of  Meeteg  itself  is  composed  of  a  still  older 
series  of  quartz-mica  schists,  the  younger  members  of  which  are 
of  a  yellowish  colour,  splitting  readily  into  blocks  more  or  less 
cubical  in  outline.  Near  the  base  of  the  mountain  small  veins 
of  granite  penetrate  into  the  schists,  in  some  places  being  pinched 
into  these  in  a  lenticular  manner.  The  core  of  the  range  is  com- 
posed of  a  massive  red  and  closely  banded  grey  gneiss,  which, 
in  a  fine  section  displayed  in  the  upper  portion  of  Wadi  Sodmein, 
is  seen  to  be  successively  overlaid  by  a  gabbro,  mica-schists,  a  massive 
dark  dolerite,  hornblende-schists,  and  reddish-white  mottled  slates. 
From  a  little  north  of  this  point  the  valley  wanders  through  a  maze 
of  hills  of  grey  and  green  colour,  consisting  of  micaceous,  chloritic, 
and  homblendic  *  schists,'  capped  by  beds  of  dolerite  and  diabase, 
crushed  or  uncrushed.  A  question  of  terminology  makes  a  difficulty, 
as  the  same  term  schist  is  here  applied  to  these  rocks  in  the  foothills, 
which  are  far  less  compact  than  the  typical  varieties  occurring  in 
the  main  range. 

Sheared  Liahases  and  Dolerites. — The  Wadi  Sodmein  section  is 
useful  because  it  shows  the  relative  age  of  the  gneiss  and  the  sheared 
diabases,  ashes,  and  other  volcanic  rocks,  which  occupy  an  enormous 
area  of  the  southern  portion  of  the  Red  Sea  Hills,  viz.  2,500  square 
kilometres  approximately,  being  the  main  constituent  of  the  region 
to  the  north-west  and  west  of  Qosseir,  except  where  sedimentary  hills 
have  been  faulted  in.  The  sheared  diabases  and  compacted  ashes 
chiefly  occur  in  this  district,  but  further  west,  as  in  Wadi  Atolla, 
are  replaced  by  massive  dolerites,  which  in  many  other  localities 
are  found  in  close  association  with  volcanic  members  of  many 
different  types.  This  volcanic  series  is  by  no  means  limited  to 
the  area  above  mentioned,  bat  reappears  throughout  the  whole  of 
the  Bed  Sea  region  at  most  unexpected  localities.    Thus,  in  the 
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central  range,  dolerites  and  other  basic  rooks  are  seen  capping  some 
of  the  highest  granite  hills,  still  remaining  as  a  thin  coating,  which 
otherwise  has  been  almost  entirely  removed  by  denudation.  Again, 
the  base  of  the  same  range  is  fringed  by  a  belt  of  the  same  character, 
the  presence  of  which  is  probably  directly  referable  to  faulting  on 
a  large  scale. 

South-west  of  the  central  range,  too,  extends  the  Fatiri  El  Iswid 
district,  consisting  of  range  after  range,  in  which  dolerites,  serpentines, 
compacted  ashes,  now  practically  slates,  and  agglomerates  play  an 
important  part.  While  on  the  south  of  lat.  27°  N.  these  rooks 
only  give  rise  to  low  hills  of  complex  character,  to  the  north 
of  that  line  they  take  part  in  the  formation  of  scenic  features  of 
the  first  magnitude,  rising  to  1,800  metres  in  Jebel  Dokhan,  and 
composing  some  of  the  principal  longitudinal  ranges  forming  the 
eastern  boundary  of  the  Bed  Sea  Hills. 

The  members  of  this  volcanic  series  are  of  somewhat  different 
character  from  those  previously  mentioned,  dark  andesites  being  as 
conspicuous  as  the  dolerite  sheets  associated  with  them,  while  the 
sheared  diabases  have  been  replaced  by  tufifs  and  ashes  far  less 
compact  than  those  near  Qosseir.  The  agglomerates,  too,  are  very 
striking  in  the  El  Urf  chain,  where  blocks  of  '  imperial  porphyry  * 
are  included  among  the  rock  fragments.  Indeed,  the  most  interesting 
member  of  this  series  is  the  imperial  porphyry  of  Jebel  Dokhan, 
typical  specimens  of  which  are  withamite,  containing  andesites, 
though  the  same  mineral  is  present  in  some  of  the  tuffs. 

Relative  Age  of  the  Volcanic  Series.  —  It  has  already  been 
stated  that  the  dolerites,  diabases,  etc.,  rest  upon  the  Metamorphic 
Schists  and  Oneisses,  and  are  younger  than  the  latter,  but  it 
is  equally  possible  to  show  that  the  gneissose  granites  and 
diorites,  which  underlie  them  over  wide  areas,  are  of  still  later 
date.  Thus,  to  take  a  few  typical  cases,  a  mass  of  mica-diorite  has 
been  intruded  into  the  agglomerate,  while  in  Wadi  Esh,  near 
Qosseir,  the  sides  of  the  valley  are  formed  of  grey  granite  which  is 
overlaid  by  the  compact  dolerite,  but  the  former  has  sent  numerous 
veins  into  the  latter.  Other  examples  will  be  mentioned  in  the 
report,  but  one  of  the  best  is  close  to  the  pass  leading  from  Wadi 
Um  Sidri  to  Um  Messaid,  where  a  dyke  of  red  microgranite  in  the 
andesite  has  for  a  time  prevented  another  vein  of  grey  granite  from 
penetrating  into  the  lava,  but  finally,  after  running  parallel  for 
a  short  distance,  the  latter  has  succeeded  in  bursting  through,  and 
has  sent  long  veins  and  branches  into  the  porphyry. 

Granites. — The  rocks  of  granitic  character  in  the  Red  Sea  Hills 
are  sharply  divided  into  two  groups,  giving  rise  to  very  different 
types  of  scenery.  The  most  prominent  variety  is  a  coarse  rod 
granite,  poor  in  mica,  which  forms  some  of  the  finest  summits  north 
of  and  on  the  latitude  of  27  degrees  N.,  these  being  usually 
characterized  by  steepness,  the  mountains  being  seamed  by  bouldery 
ravines  which  cause  the  crests  to  have  a  highly  serrated  outline, 
while  nearly  all  the  lower  country  consists  of  bouldery  ridges  of 
a  gneissose  biotite,  or  hornblende  granite,  which  has  its  south-eastern 
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boundary  along  a  line  joining  Bas  El  Barud  and  Missikat  El  Qukh 
ranges.  This  gneissoee  granite  is  especially  oonspicnoos  owing  to 
the  abundance  of  the  dykes  of  qnartz-felsite  and  dolerite  which  yein 
it»  in  a  north-east  and  south-west  direction,  the  differential  weathering 
of  U&e  two  giving  rise  to  a  typical  alternation  of  parallel  ridges  and 
sandy  valleys  to  which  the  name  '  dyke-country '  may  be  applied^ 
Where  the  above  two  varieties  come  in  contact,  it  can  be  clearly 
seen  that  the  red  granite  is  the  younger  of  the  two. 

Genxbal  Beoapitulation. 
We  are  now  in  a  position  to  give  the  general  succession  for  the 
Arabian  Desert  between  Jebel  Qharib  and  the  Qena-Qosseir  line. 

1.  The  m^amorphie  are  older  than  the  igneous  rocks. 

2.  The  gneiss  of  Meeteg  is  the  oldest  member  of  the  metamorphio 
series,  the  schists  coming  next  in  order,  followed  by  slates,  grauwack6 
(alterod  ash),  sheared  diabases,  and  dolerites. 

d.  Volcanic  action  had  already  begun  during  the  period  of 
formation  of  the  grauwack^  and  slates,  as  the  sheared  diabases  and 
dolerites  are  in  places  closely  associated  with  them,  but  the  main 
mass  of  the  dolerite  is  younger  than  the  slates.  Thus  the  next  in 
succession  is  a  volcanic  series  in  the  south,  consisting  mainly  of 
dolerites  and  sheared  diabases,  and  in  the  north  of  dolerites, 
andeaites,  tuffs,  and  agglomerates. 

4.  These  are  themselves  underlain,  and  in  most  cases  intruded 
into,  by  a  third  series,  a  quartz-diorite  or  grey  granite,  in  many 
oases  gneissose. 

5.  Through  the  volcanics  and  grey  granite  rise  masses  of  red 
granite,  wh^  may  be  almost  contemporaneous  with  dykes  of  quartz- 
folsite  and  dolerite,  seaming  the  members  of  the  preceding  series. 

IV. — Schists   and    Schistose    Books   in   the  Lepontinb  Alps: 

Beplt  to  Criticisms  by  Pbofessor  A.  Heim. 

By  Professor  T.  G.  Bonkbt,  D.Sc.,  LL.D.,  F.R.8. 

SOME  three  years  ago,  on  referring  to  the  twenty-fifth  volume 
of  the  "  Beitrage  zur  G^logischen  Earte  der  Schweiz,"  I  found 
Professor  Heim  had  devoted  a  few  pages  (pp.  316-319)  of  that 
woric  to  my  criticisms  of  his  attempts  to  prove  that  Jurassic  rocks 
had  been  metamorphosed  into  schists  containing  authigenous  garnets, 
staurolites,  etc.  Had  he  brought  forward  any  new  fact  of  importance 
or  pointed  out  any  serious  error  in  my  work  I  should  have  replied 
at  once,  but  as  he  was  unable  to  do  this,  and  as  the  justice  of  one  of 
my  criticisms  was  indirectly  admitted  in  the  petrographical  appendix 
by  Dr.  C.  Schmidt,  I  allowed  more  pressing  and  interesting  matters 
to  take  precedence  of  one  which  had  become  chiefly  personal. 

On  reading  Professor  Heim's  remarks  I  perceive  that  we  labour 
under  a  similar  disadvantage,  viz.,  that  neither  is  a  master  of  the 
language  in  which  the  other  writes.  He  complains  of  a  difficulty 
in  understanding  my  meaning,  though  I  think  it  was  plain  enough 
to  most  of  my  English  friends.  I  am  in  the  same  position,  because 
he  appears  to  me  to  avoid  the  direct  issues  and  to  repeat  assertions 
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whiob  I  have  challenged*  So,  before  going  further,  I  will  state  the 
dispute  as  clearly  and  concisely  as  I  can.  It  arose  out  of  a  paper 
read  at  the  London  Meeting  of  the  International  Greological  Congress 
in  1888.^  Then,  or  soon  afterwards,  Professor  Heim  made  the 
following  assertions:  (1)  that  at  Guttannen  stems  of  a  plant  of 
Carboniferous  age  had  been  found  in  a  gneiss;  (2)  that  near 
Andermatt  a  crystalline  marble  was  associated  with  a  Jurassic 
limestone,  so  that  they  must  be  of  the  same  geological  age;  (3) 
that  in  the  Lepontine  Alps  a  transition  could  be  traced  between 
fossiliferous  Jurassic  rocks  and  schists  with  authigenous  garnets, 
staurolites,  etc. 
I  haye  disputed  the  accuracy  of  all  these  statements.     As  regards 

(1)  it  is  now  admitted  that  the  supposed  stems  are  not  organisms, 
but  merely  imitative  markings.  Hence  this  assertion  is  invalidated, 
but,  as  I  have  apparently  made  a  mistake  as  to  the  nature  of  the 
rock,  neither  side  in  this  controversy  can  'score  honours.' '    About 

(2)  there  is  nothing  fresh  to  be  said.  I  have  discussed  Prof.  Heim's 
evidence,  which  he  has  not  been  able  to  strengthen,  and  think 
myself  justified  in  claiming  a  verdict  of  'not  proven,'  even  if  I  have 
not  shown  his  interpretation  to  be  improbable.'  My  remarks 
accordingly  will  be  confined  to  (3).  Here  sections  are  more 
numerous ;  the  issue  is  simpler,  and  the  initial  difiference  between 
us  largely  concerns  matters  of  fact.  In  the  first  place,  Prof.  Heim 
maintains  that  I  have  misunderstood  him,  and  that  he  never  affirmed 
those  altered  Mesozoic  sedimentary  rocks  to  be  true  crystalline 
schists.  The  very  lax  use  of  the  term  'schist'  by  Continental  and 
some  English  auUiors  undoubtedly  leads  to  confusion  in  expression 
as  well  as  in  thought,  and  1  am  prepared  to  admit  that  it  might  some- 
times be  difficult  to  draw  a  hard  and  fast  line  between  a  schistose 
rock  (i.e.  cleavage  followed  by  a  certain  amount  of  secondary 
mineral  development)  and  some  foliated  schists.  This,  however, 
does  not  really  affect  the  present  issue.  Professor  Heim  asserted 
that  certain  schists  with  authigenous  garnets,  staurolites,  etc.,  were 
proved  to  be  of  Jurassic  age,  not  only  by  stratigraphical  evidence, 
but  also,  where  the  minerals  were  less  well  developed,  by  the 
presence  of  fossils.  I  asserted  that  the  schists  with  garnets,  eta, 
were  both  truly  crystalline  and  belonged  to  a  group  distinct  from 
the  Jurassic  rocks  in  question ;  that  this  group  could  be  shown  to 
be  much  older  than  the  Trias,  and  to  differ  in  important  respects 
from  the  fossiliferous  schistose  Jurassic  rocks,  which  never  contain 
authigenous  garnets,  eta,  but  only  certain  hydrous  silicates,  pre* 
senting  a  merely  superficial  resemblance  to  garnets,  staurolites,  eta 
In  other  words,  I  gave  reasons  to  show  that  Professor  Heim's 
interpretation  of  the  stratigraphical  facts  was  untenable,  and  his 
identification  of  the  important  minerals  was  incorrect. 

^  Compte  Rendu  de  la  4"*  Seamon,  p.  80.    See  alio  Nature,  Sept.  27  and  Oct.  4, 
1888.  and  Quart.  Joum.  Geol.  Soc.,  toI.  xItI  (1890),  p.  236. 

>  Gbol.  Mao.,  1900,  p.  215. 

>  Quart.  Joum.  Oeol.  Soc.,  toI.  xln  (1890),  p.  67 ;  vol.  1  (1894),  p.  285 ;  toL  liii 
'i«97),  p.  16. 
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Passing  now  to  the  stratigraphy,  I  daim  to  have  proved — 
(a)  That  the  schistose  and  fossiliferoas  Jurassic  rocks  in   the 
Scopi  and  Nufenen  districts  overlie  the  raaohwacke.' 

(6)  That  this  rauchwacke  (commonly  a  friable  yellowish  lime- 
stone, sometimes  including  layers  of  gypsum,  but  without  any 
marked  indications  of  metamorphism)  often  contains  fragments  of 
crystalline  rocks  corresponding  with  those  which  are  elsewhere 
associated  with  the  black  garnet-bearing  schists.  Also,  that  this 
rauchwacke  differs  conspicuously  from  the  crystalline  limestone  or 
dolomite,  which  occurs  both  on  the  northern  side  of  the  Campolungo 
Pass  (south  of  the  Yal  Bedretto)  and  in  association  with  similar 
dark  schists  above  Binn  in  the  Binnenthal. 

(c)  That  the  rauchwacke  generally  overlies  the  group  of  crystal- 
line schists,  and  where  it  is  apparently  interstratified  with  them 
a  closer  examination  always  suggests  that  it  is  a  later  rock  '  nipped ' 
in  by  over  folding  and  thrust  faulting. 

(d)  In  the  noted  Yal  Canaria  section,  where,  according  to  Professor 
Heim,  crystalline  schists'  are  included  in  a  fold  of  which  an  ordinary 
rauchwacke  forms  the  base,  not  only  does  this  rauchwacke  contain 
fragments  of  more  than  one  variety  of  the  schists  supposed  to  overlie 
it,  but  also  the  band  of  black  garnet-bearing  schists  occurs  three 
times,  and  the  other  beds  are  not  in  pairs.  These  facts  prove 
a  simple  fold  to  be  impossible,'  and  if  faults  be  once  admitted  the 
key  of  Professor  Helm's  position  is  surrendered. 

In  addition  to  this  I  have  shown,  from  stratigraphical,  chemical,  and 
microscopic  evidence,  that  the  schistose  Jurassic  rocks  and  this  group 
of  schists,  locally  garnet-bearing  (a  group  which  I  have  examined 
in  many  places  from  the  Yiso  to  the  Gross  Glockner,  and  to  which 
I  refer  in  my  papers  as  the  'Upper  Schists'),  are  quite  distinct  one 
from  the  other ;  the  only  possible  confusion  arising  from  specimens 
either  badly  preserved  or  in  which  their  distinctive  characters  have 
been  locally  obliterated  by  extreme  pressure.  This,  however, 
is  no  ground  for  asserting  contemporaneity.  In  such  rocks  the 
metamorphism  has  been  destructive,  not  constructive. 

I  pass,  then,  to  the  mineral  differences.  The  group  of  schists,  of 
whidi  the  dark  one  containing  garnets  is  a  member,  consists,  as 
I  have  shown  elsewhere,  of  truly  crystalline  rocks,  no  less  in  the 
Yal  Canaria  section  than  in  the  rest  of  the  Alps,  and  never  affords 
a  trace  of  a  fossil.  Here  and  there  in  its  dark  schists  are  little 
streaks  of  crystalline  calcite.  These  to  a  lively  imagination  may  seem 
the  ghosts  of  departed  belemnites,  but  to  a  more  prosaic  mind  they 
appear  only  a  vein  product.  The  rocks  are  true  crystalline  schists, 
no  doubt  of  sedimentary  origin,  but  greatly  metamorphosed.     They 

1  Quart.  Joum.  GeoL  Soc.,  vol.  xlri  (1890),  p.  219,  and  vol.  xlix  (1893),  p.  89. 

'  I  suppose  from  what  I  have  read  that  Professor  Heim  will  refuse  to  call  these 
rocks  crjBtalline  schists.  If  so,  there  is  no  orptalline  schist — either  garnet-mica, 
€alc-mica,  stanrolite-mica,  or  quartz-mica  schist — ^in  any  part  of  the  Alps  that 
I  know  of. 

*  The  situation  of  the  outcrops  and  their  breadths  make  it  impossible  to  escape 
this  difficnltv  by  supnosing  one  black  garnet  schist  to  have  been  the  top  bed  and  to  oe 
doubled  bad  on  itself. 
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have  been  affected  by  pressure,  but  they  were  orystalline  schists 
before  that  acted,  for  the  larger  minerals  are  sometimes  distorted 
or  even  crushed,  the  garnets  in  one  or  two  localities  being  distinctly 
cleaved.  Pressure,  in  fact,  has  injured  more  than  it  has  originated 
the  crystalline  condition.  But  the  Jurassic  rocks  are  only  schistose ; 
they  have  been  affected  by  pressure,  and  it  has  produced  the  usual 
mineral  changes  on  a  comparatively  small  scale.  But  besides  this, 
in  some  localities  a  number  of  ovoid  and  of  rudely  prismatic  bodies 
have  formed  (the  hnoten  and  prismen  of  Yon  Fritsch).  These,  which 
occur  along  with  fossils  (belemnites,  bits  of  crinoids,  etc.),  are  not 
either  garnets  or  staurolites,  but  only  very  impure  silicates,  more  or 
less  hydrous ;  some  probably  belong  to  the  chloritoid,  others  perhaps 
to  the  scapolite  group,  with  possibly  a  third  mineral  of  the  same 
general  character.'  Professor  Heim  asks  almost  in  a  tone  of  triumph ' 
whether  I  have  not  seen  "  die  Yerquetschungen  und  die  Yeranderung 
(Marmorisirung)  in  der  Structur  der  Belenmiten  ....  die 
ganz  mit  der  Umiinderung  des  Muttergesteines  parallel  geht." 
Certainly  I  have  :  indeed  have  mentioned  it  (loc.  cit,  p.  219).  But 
by  this  question  he  shows  that  he  can  have  given  very  little  time  to 
the  study  of  metamorphism.  Otherwise  he  would  have  known  that 
this  '  marmorosis,'  notwithstanding  its  fine  name,  proves  but  little, 
for  calcite  is  one  of  those  minerals  which  are  always  ready  to 
crystallize,  and  particularly  so  when  it  is  '  organia'  We  constantly 
see  this  illustrated  in  rocks  (especially  Palseozoic)  from  English 
localities.  There  are  no  signs  of  pressure,  yet  fragments  of 
fossils  may  be  often  found  under  the  microscope  to  become  partially 
or  even  wholly  crystalline,  to  the  obliteration  of  the  original 
structure.  I  have  also  seen  tests  or  spines  of  echinids  from  the 
Chalk  break  as  if  they  were  crystalline  calcite,  and  a  fractured 
stalactite  showing  the  cleavage  surface  of  large  crystals.^  Professor 
Heim,  however,  seeks  to  minimize  my  criticisms  by  intimating 
that  I  am  a  prejudiced  witness,  and  have  from  the  first  shown 
signs  of  a  distinct  bias  {tendenz).  Of  this  £  am  convicted  by 
my  own  confession,  because  I  stated  that,  when  I  saw  the 
specimens  on  which  he  rested  his  case,  and  which  he  exhibited  at 
Burlington  House  in  1888,  <'' Still,  I  was  not  quite  satisfied 
.  .  .  .  for  it  was  very  difficult  to  understand  how  such  a  fossil 
as  a  belemnite  could  have  retained  its  characteristic  form  while 

^  Dr.  Schmidt  admits  the  presence  of  clintonite  (which  name  is  now  applied  by- 
Dana  to  the  group  including  the  species  of  chloritoid),  and  assigns  the  knoten  and 
prismen  to  zoisite.  Both  minerals  are  so  full  of  impurities  that  it  is  very  difficult  to 
come  to  any  conclusion,  but  neither  reminds  me  of  zoisites,  nor  is  any  close  relationship 
suggested  by  the  analyses  (quoted  on  p.  233  of  mv  paper]) ;  and  after  reconsideration 
of  my  specimens  I  see  no  reason  to  change  what  I  wrote  in  1890  (Quart.  Joum.  Geol. 
Soc,  vol.  xlvi,  pp.  232-234).  Dr.  Schmidt's  petrographical  description  will  be 
found  in  Beitrage,  vol.  xxv,  Anhang,  pp.  41-65. 

'  Beitraee,  ut  supra,  p.  317. 

'  Though  I  think  that,  as  a  rule,  I  can  distinguish  a  marble  belonging  to  a  group 
of  crysta&ine  schists  from  an  ordinary  Palaeozoic  or  later  limestone,  even  if 
pressure  modified,  I  put  more  reliance  on  any  silicates  which  may  be  associated  with 
the  calcite,  and  do  not  feel  quite  happy  unless  I  can  trace  the  rock  into  some  schist 
composeil  largely  of  these. 
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moleonlar  ohanges  of  such  importanoe  were  taking  place  in  the 
matrix  of  the  rook.'  Er  sieht  hier  eine  Thatsache,  an  der  er  zweifelt, 
weil  Bie  ihm  unerklarioh  vorkommt!"  Well,  then,  I  will  tell 
Professor  Heim  why  I  was  not  quite  satisfied.  In  the  first  place, 
if  it  be  a  sign  of  bias  to  reason  inductively  from  careful  and 
numerous  observations,  and  to  rely  on  the  oonclusions  thus  obtained 
BO  far  as  to  view  with  some  suspicion  any  new  phenomenon  whioh 
distinctly  contradicts  them,  I  admit  the  charge,  and  that  nn- 
blushingly,  for  I  believe  this  to  be  the  method  of  science.  The 
latter  is  said  by  a  good  authority  to  be  organized  common-sense. 
If  in  every-day  life  a  number  of  credible  persons  agreed  in  stating 
that  something  had  occurred — say  a  man  had  done  an  action  which 
they  had  witnessed — should  we  not  be  justified  in  cross-questioning 
rather  severely  anyone  who  suddenly  appeared  to  swear  an  a2t6t  ? 
Now  all  my  work,  and  it  was  considerable,  undertaken  with  the 
sole  desire  of  discovering  the  truth — work  which  had  obliged  me  to 
discard  almost  everything  I  learnt  when  young — had  led  me  to 
ooDclusions  different  from  what  Professor  Heim  was  asserting.^ 
Inasmuch,  then,  as  his  "  Mechanismus,"  while  greatly  impressing 
me  in  some  respects,  had  created  suspicions  of  his  trustworthiness  as 
a  guide  in  petrology,  I  submit  that  I  was  justified  in  thinking  it 
possible  he  might  have  made  a  mistake.  The  '  Thatsache '  was  in 
reality  little  more  than  his  assertion. 

But  he  will  say  that  I  was  shown  the  specimens.  Yes ;  and  if 
Professor  Heim  had  seriously  worked  at  petrology  he  would  know 
that  conclusions  founded  on  hand-specimens  are  much  less  trust- 
worthy than  those  arrived  at  by  examination  of  rooks  in  the  field 
or  under  the  microscope.  Speaking  for  myself,  I  refuse,  when  the 
matter  is  difficult,  to  express  an  opinion  on  a  hand-specimen,  but 
require  to  have  a  slioe  prepared  for  the  microscope.  Moreover,  it 
appeared  to  me,  when  looking  at  his  specimens,  that  the  matrix  of 
the  two  sets,  those  with  belemnites  and  those  with  real  garnets, 
was  somewhat  different.  Professor  Heim  would  no  doubt  set  down 
this  to  *  bias,'  but  it  is  really  the  almost  unconscious  effect  of  that 
experience  which  most  persons  acquire  by  long  work  at  a  particular 
subject.  It  is  very  similar  to  the  power  which  enables  a  specialist 
to  make  a  diagnosis  of  something  which  a  physician,  who  has  worked 
along  other  lines,  would  not  perceive. 

But  he  quotes  another  phrase  to  convict  me  of  bias.  ''It  was 
very  difficult  to  understand  how  such  a  fossil  as  a  belemnite  could 
have  retained  its  characteristic  form  while  molecular  changes  of  such 
importanoe  were  taking  place  in  the  matrix  of  the  rock."  This 
remark  is  evidently  not  intelligible  to  Professor  Heim,  so  I  will 
endeavour  to  enlighten  him.  The  results  of  oontact-metamorphism, 
to  which  I  have  paid  considerable  attention,  most  nearly  resemble 
the  crystalline  schists.      In  them,  so  far  as  my  experience  goes, 

*  I  may  add  that  tlie  general  tmdenz  to  minimize  the  effect  of  <  dynamo-meta- 
moqihisni,'  of  which  he  accuses  me  (p.  316),  has  the  same  foandation.  That  is  an 
important  factor  in  producing  change,  but  its  effect  has  been  often  greatly  overestimated. 
After  ten  years'  work  I  adhere  to  the  position  adopted  in  1890  (loc.  cit.,  p.  223), 
which  since  then  I  have  so  often  expressed  that  I  am  weary  of  repeating  it. 
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garnet^  and  still  more  Btaurolite,  are  not  formed  until  the  materiab 
of  the  rock  have  undergone  snoh  great  molecular  changes  as  to 
ohliterate  all  traces  of  a  sedimentary  origin  and  convert  the  rock 
into  a  fairly  coarse  crystalline  aggregate  of  quartz,  hrown  and  white 
mica,  andaluBite,  and  other  minerals.^  Under  such  circumstances, 
I  helieve  that  any  calcareous  organism,  if  it  did  not  disappear  and 
supply  its  lime  to  some  silicate,  would  become  unrecognizable. 
Only  in  one  case,  that  of  the  Bastogne  rock,  have  I  seen  well-formed 
garnets  in  a  matrix  apparently  not  very  greatly  altered.  These, 
however,  are  rather  abnormal  specimens,  and,  as  it  has  been  lately 
demonstrated,  occur  under  very  abnormal  circumstances.^  My  bias, 
then,  was  due  to  experience,  which  showed  me  the  antecedent 
improbability  of  what  Professor  Helm  was  asking  me  to  believe. 

There  was  yet  one  other  reason  for  my  scepticism.  In  1883 
I  crossed  the  Gries  Pass  to  the  Tosa  Falls,  wishing  to  see  an  Alpine 
route  of  some  historical  interest,  and  with  no  definite  geological  aim, 
for  I  had  but  recently  begun  to  make  any  special  study  of  the 
'upper  schists.''  Here  are  some  extracts  from  my  diary.  Going 
up  &e  Eginenthal  1  observed  occasionally  loose  blocks  '*  of  a  dark 
slaty  or  schistose  rock,  with  rounded  spots  and  irregular  long 
darkish  crystals,  which  1  took  for  a  kind  of  '  knoten  schiefer '  and 
got  a  specimen."^  Later  on  1  write — "At  the  head  of  this  [upland 
basin]  there  is  evidently  a  great  piece  of  well-bedded  rock,  not  highly 
metamorphosed,  apparently  folded  in  the  more  crystalline  rock.  To 
this  apparently  the  *  knoten  schiefer '  belongs,  for  it  was  all  about 
here,  some  of  it  being  rather  more  schistose  than  what  1  had  seen 
below."  Again,  on  reaching  the  top  of  the  pass,  I  record  the  presence 
of  dark  mica  schist  with  garnets,  *'  looking  more  highly  altered  than 
that  below."  From  the  Tosa  Falls  1  crossed  to  the  Binnenthal  and 
studied  the  crystalline  schists  in  that  district.'  Thus  1  was  aware 
that  in  the  Lepontine  Alps  two  rocks  existed  in  which  some 
superficial  resemblances  were  associated  with  real  and  important 
differences.  In  other  words,  1  knew  that  Nature  had  been  laying 
traps,  80  that  exceptional  caution  was  needed. 

1  think,  then,  1  may  claim  that  my  'bias'  was  the  result  of 
knowing  certain  facts  in  petrology  and  Alpine  geology  better 
apparently  than  Professor  Heim,  and  thus  was  more  than  justifiable. 
May  I  ask,  in  conclusion,  that  if  he  thinks  he  can  refute  any  of  the 
statements  in  this  paper  he  will  abstain  from  fighting  under  the 
shelter  of  an  official  publication.  There  I  cannot  reply  to  him  ;  so 
the  combat  is  one  TJhi  tu  pviUas,  ego  vapulo  tantum, 

*  Quart.  Jouni.  Geol.  Soc,  vol.  xliv  (1888),  p.  11. 

'  See  Hiss  C.  A.  Raisin:  Quart.  Joum.  Geol.  Soc,  vol.  Ivii  (1901),  p.  55. 
A  museum  specimen  labelled  Pyreneite  (from  that  mountain  range)  appearft  to  be 
another  instance. 

'  See  Quart.  Joum.  Geol.  Soc.,  vol.  xlv  (1889),  np.  96-99. 

*  This  is  a  transcript  of  my  field  notes,  in  which  I  do  not  pick  my  phrases. 
I  probably  should  not  now  use  the  words  *  knoten  schiefer.*  What  I  meant  U> 
express  was  that  it  seemed  in  about  the  same  state  of  alteration  as  a  chiastolite  slate. 

»  A  fortnight  later  I  paid  my  first  visit  to  the  Val  Piera. 
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v.— Oscillations  in  the  Sea-lkybl.     (Paht  I.) 

By  H.  W.  Pearson. 

(PLATE  IX.) 

WHEN  man  first  began  the  stady  of  the  earth's  surface,  he 
encountered  at  the  very  beginning,  along  the  borders  of  the 
sea-coasts,  on  the  lowland  plains,  and  even  on  the  hills,  certain 
puzzling  phenomena,  difficult  of  explanation.  These  perplexing 
observations  seemed  to  testify,  by  means  of  ancient  raised  beaches, 
fossil  oyster  and  mussel  shells,  dessicated  salt  marshes,  fragments 
of  wrecks,  and  even  by  ancient  anchors  in  the  hills,  that  at  some 
unknown  time  in  the  past  the  sea  had  '*  formerly  been  where  the 
land  now  was." 

Straton  of  Lampsacus  and  Eratosthenes  (between  200  and  300  b.o.) 
explained  these  facts  by  supposing  that  the  Mediterranean  and  the 
Euxine  had  once  been  dammed  by  barriers  at  the  Pillars  of  Hercules 
and  at  Byzantium,  and  that  by  the  breaking  down  of  these  barriers 
"  much  that  was  formerly  covered  by  water  had  been  left  dry." 

Strabo  (54  b.o.  to  24  a.d.),  holding  Straton  and  Eratosthenes  to  be 
in  error,  insisted  that  explanations  of  these  facts  must  be  found 
either  in  inundations  caused  by  upheavals  of  the  sea  bottom,  or  in 
actual  subsidence  of  these  lands  beneath  the  level  of  the  waters  and 
their  subsequent  upheaval,  his  preference  being  given  to  the  first- 
named  cause,  as  he  deemed  that  the  humidity  of  the  bottom  would 
render  it  more  liable  to  shifting. 

Here  was  raised,  in  the  early  morning  of  scientific  investigation, 
the  greatest  problem  of  geology,  or  of  geography,  and  such  little 
progress  has  been  made  in  the  settlement  of  this  question  during  the 
two  thousand  years  that  have  since  passed  over  our  heads,  that 
to-day  if  it  is  asked,  are  these  evidences  of  former  submergence  and 
upheaval  due  to  changes  in  the  sea-level  itself,  or  are  they  due  to 
movements  in  the  crust  of  the  earth,  no  man  can  make  certain  reply. 

That  this  uncertainty  has  real  existence  can  be  seen  from  the 
examples  of  opposing  opinions  herein  quoted. 

Celsius  in  1730,  in  explanation  of  the  apparent  upheaval  of  the 
Baltic  shores,  affirmed  a  variable  sea-level.  Play  fair  in  1802  and 
Von  Buch  in  1807,  adopting  the  second  hypothesis  of  Strabo^ 
affirmed  movement  in  the  earth's  crust. 

Sir  J.  A.  Picton  contended  that  the  level  of  the  sea  had  not 
changed,  that  it  is  the  land  al6ne  which  has  altered  its  level 
(Proc.  Liverpool  G^ol.  Soc,  vol.  vi,  p.  38).  Sir  Charles  Lyell 
insisted  "  that  the  level  of  the  ocean  was  invariable,"  and  that  the 
"  Continents  are  inconstant  in  their  level,  as  has  been  demonstrated 
by  the  most  unequivocal  proofs  again  and  again,  from  the  time  of 
Strabo  to  our  own  time  "  (**  Principles,"  9th  ed.,  Appleton,  p.  618). 
Le  Conte  says,  "  we  may  look  upon  the  sea-level  as  fixed " 
("Elements,"  p.  138). 

In  opposition  to  these  statements  of  Picton,  Lyell,  and  Le  Conte, 
James  Qeikie  says,  '*  the  more  recent  raised  beaches  may  be  likely 
enough  due  to  oscillations  of  the  sea-level  itself,  and  not  necessarily 
to  movements  of  the  land"  ("  Pre-historic  Europe,"  p.  525). 
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N.  S.  3liAlei?  also  aays^  that  some  of  the  apparent  upheavals  and 
depressions  of  the  land  may  be  due  to  absolute  changes  in  the  sea-level 
("  Geological  Record,"  1875,  p.  178)  ;  and  these  men  are  supported 
in  their  rejection  of  the  old  theory  of  Strabo,  which  had  been  adopted 
by  Playfair,  Von  Buoh,  and  Lyell,  by  Edouard  Suess,  Dr.  Schmick, 
and  Trautschold,  the  latter  claiming  that  '<  many  of  the  phenomena 
of  sedimentation  and  deposition  attributed  by  geologists  to  a  sub- 
sidence of  the  crust  are,  in  fact,  due  to  periodic  osctUatians  or 
upheavals  of  the  oceanic  surface  "  {Science,  vol.  iii,  p.  342). 

These  citations  demonstrate  that  the  matter  of  the  permanency 
of  the  sea-level  is  to-day  one  of  the  unsettled  questions  of  geology, 
and  I  believe  it  to  be  more  fundamental  in  its  nature  than  any  other 
unsolved  geological  problem.  It  should  be  of  interest,  then,  to  learn 
why  these  conflicting  opinions  between  our  great  geologists  have 
existence.  Why  have  the  teachings  of  Playfair,  Von  Buoh,  and 
Lyell,  adopted|for  three-fourths  of  a  century,  been  in  the  last  quarter 
of  a  century  questioned  from  every  direction  ? 

Investigation  allows  us  to  answer  this  question.  The  old  beliefs, 
in  the  absence  of  knowledge,  were  based  on  inference.  The  latest 
beliefs,  rejecting  inference,  are  based  on  observation,  on  an  enormous 
aocumulation  of  facts,  that  were  entirely  unknown  to  Playfair  and  the 
other  disciples  of  Strabo,  and  these  facts  it  is  impossible  to  explain 
through  the  older  theory. 

For  instance,  Playfair's  argument,  on  which  the  theory  of  an 
invariable  sea-level  rests,  is  as  follows : — *'  In  order  to  depress  or 
elevate  the  absolute  level  of  the  sea  by  a  given  quantity,  in  any  one 
place,  we  must  depress  or  elevate  it  by  the  same  quantity  over  the 
whole  surface  of  the  earth  [my  italics],  whereas  no  such  necessity 
exists  with  respect  to  the  local  elevation  or  depression  of  the  land  " 
("  Principles,"  9th  ed.,  p.  523). 

Now  the  very  foundation  of  this  argument,  a  position  unimpeach- 
able in  the  time  of  Playfair  and  of  Von  Buch,  is  to-day  absolutely 
untenable.  The  hypothesis  of  Adhemar,  the  knowledge  that  great 
masses  of  ice  at  one  time  existed  in  the  Northern  Hemisphere,  and 
that  submergence  of  the  Northern,  coexistent  with  emergence  of 
the  Southern  Hemisphere,  must  have  been  the  necessary  consequence, 
as  demonstrated  mathematically  by  Dr.  CroU,  by  Lord  Kelvin,  by 
Archdeacon  Pratt,  by  Fisher,  Heath,  Woodward,  and  many  others, — 
these  arguments,  I  say,  teach  us  that  the  contention  of  Playfair,  Von 
Buch,  and  Lyell,  valid  perhaps  in  its  day,  is  no  longer  to  be  accepted, 
and  if  the  theory  of  a  variable  sea-level  is  to  be  rejected,  reasons 
more  solidly  grounded  must  be  accorded  us. 

It  seems  now  impossible  to  reject  the  idea  that  upheaval  of  the 
sea  surface  in  the  north,  and  subsidence  in  the  south,  may  be  going 
on  at  one  and  the  same  time,  and  in  addition  to  this  the  writer  has 
shown  how  a  local  upheaval  of  the  oceanic  surface  in  one  hemisphere 
may,  nay  most,  be  coexistent  with  a  local  depression  of  this  surface 
at  some  point  in  the  same  hemisphere,  provided  the  slightest  variation 
of  flow  in  the  oceanic  currents  shall  take  place.  (See  The  American 
Geologist,  Sept  1899,  p.  192.) 
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To  this  point  my  disoussion  has  been  general,  my  object  being 
merely  to  show  the  present  unoertainties  as  to  our  knowledge 
relating  to  changes  in  the  sea-level,  and  to  call  attention  to  the 
fallacies  on  which  the  arguments  of  Playfair  and  Von  Buch  were 
founded.  I  would  now  introduce  a  branch  of  the  same  subject  not 
alluded  to  in  the  previous  argument     It  is  this : — 

It  is  admitted  by  all,  that  most  of  the  lowlands  of  the  Northern 
Hemisphere  have  at  some  time  in  the  past  been  submerged  to  less 
or  greater  depth  beneath  the  sea.  The  evidences  of  great 
submergences,  such  as  those  discussed  by  Chambers  in  his  **  Ancient 
Sea  Margins,"  or  by  Prestwich  in  his  •*  Traditions  of  the  Mood," 
or  as  shown  by  McGee  in  his  '*  The  Lafayette  Formation,"  will  not 
now  be  considered.  To  these  submergences  we  are  as  yet  unable 
to  assign  a  date.  I  would  study,  then,  those  minor  relative  changes 
in  sea  and  land,  both  of  depression  and  elevation,  that  have  occurred 
since  historic  times,  changes  upon  which  a  date  and  the  approximate 
amount  of  movement  can  be  fixed,  with  the  object  of  determining 
whether  these  upheavals  and  submergences  show  any  evidence  of 
being  periodic  in  their  nature.  We  may  attribute  these  changes 
either  to  movement  in  the  earth  or  to  movement  in  the  sea,  it  is 
immaterial  which;  the  only  question  is,  have  these  oscillations 
shown  r^ular  cycles  in  their  occurrence. 

If  some  period  could  be  discovered  which  governed  these  minor 
changes,  it*  would  seem  that  the  law  controlling  this  period  might 
be  found,  and  the  establishment  of  law,  if  such  existed,  and  the 
oonsequent  elimination  of  chance,  might  enable  us  to  determine  with 
more  certainty  than  at  present  whether  the  actual  responsibility  for 
these  recent  changes  should  be  placed  upon  an  unstable  earth  or 
upon  a  shifting  sea. 

This  question  of  recent  periodic  oscillations  in  the  sea-level  was 
forced  upon  me  by  certain  facts,  impossible  to  explain  otherwise, 
derived  from  many  years'  study  of  the  raised  beaches  of  the  world  ; 
these  facts,  owing  to  the  nature  of  this  paper,  I  cannot  now  set 
forth,  but  they  assured  me  in  the  strongest  manner  thai  a  regular 
^yde  had  existed  at  the  time  these  raised  beaches  were  formed,  and  that 
its  present  existence  was  almost  a  certainty.  I  therefore  commenced 
search  for  this  periodical  vibration  of  the  oceanic  surface  in  the 
records  of  history  and  tradition,  in  the  ancient  cities  of  the  old 
world,  in  the  registered  changes  in  the  coastlines  of  all  countries, 
including  the  American  coasts  since  the  time  of  Columbus. 

The  data  thus  collected  are  almost  unanimous  in  their  testimony  ; 
they  point  unerringly  to  a  vibration  period  in  the  sea-level  of  about 
-640  years,  an  interval  of  about  320  years  existing  between  periods 
of  high  and  of  low  water. 

The  data  inform  us  as  well  that  at  periods  of  high-water  the 
submergence  increased  in  amount  going  north ;  they  tell  us  that  at 
previous  periods  of  low- water  the  sea  stood  lower  than  at  present  ; 
and  finally,  they  assure  us  that,  following  the  law  of  change  which 
has  guided  these  vibrations  in  the  past,  we  must  expect  higher  water 
in  the  north  in  the  immediate  future.     This  raised  sea-level  in  the 
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north  BhoQld  oulminate  within  200  years,  while  the  advance  should 
be  visible  within  a  few  decades. 

The  points  in  the  carve  illustrating  the  variation  in  level  of  the 
surface  of  the  sea  were  sought  for  and  found  under  a  system  of 
reasoning  adopted  after  consideration  of  the  results  obtained  from 
the  investigation  of  the  raised  beaches  before  mentioned.  This 
investigation  furnished  me  certain  testimony  strongly  opposed  to  all 
ray  prepossessions,  yet,  if  I  had  interpreted  the  records  correctly, 
I  felt  compelled  to  adopt  as  logical  conclasions  the  following 
theories : — 

1.  Since  the  carving  of  these  ancient  terraces  there  had  been  na 
movement  of  the  earth's  crust,  but  these  terraces  lay  in  positioi^ 
exactly  as  originally  traced. 

2.  The  date  of  these  beaches  is  unknown,  but  they  certainly 
antedate  the  historical  period.  I  must  therefore  conclude  that  since 
the  dawn  of  history  no  upheaval  or  subsidence  of  the  earth's  crust 
can  have  occurred,  and  explanation  of  the  observed  recent  sub- 
mergence and  emergence  of  lands  must  be  sought  for  in  vertical 
movements  of  the  sea  itself,  rather  than  in  upheavals  or  depressions 
of  the  crust. 

3.  I  had  reason  to  strongly  suspect,  in  fact  I  regarded  it  as  almost 
certain,  that  at  the  time  of  deposition  of  these  terraces  alternate 
rising  and  falling  of  the  sea-level  had  occurred,  that  the  traces  of 
this  movement  were  plainly  discernible,  that  I  had  good  cause  ta 
suspect  the  present  existence  of  these  same  cycles  of  alternate  ascent 
and  descent  in  the  sea-level,  and  that  if  these  oscillations  existed  they 
should  be  uniform  in  direction  of  movement  over  one  hemisphere. 

Impressed,  then,  with  the  logic  of  the  facts  which  had  led  up  ta 
these  conclusions,  facts  which  are  set  forth  in  other  papers,  I  started 
on  a  new  research,  seeking  for  evidence  of  these  suspected  cycles, 
of  the  approximate  dates  of  their  maxima  and  minima,  and  of  the 
amount  in  feet  of  their  vertical  vibration. 

The  apparent  absurdity  of  entering  upon  such  a  labour  as  this  ia 
manifest.  On  all  sides  we  see  evidences  of  alleged  upheavals  or 
depressions  of  land :  we  know,  for  instance,  Uiat  Scandinavia, 
Scotland,  all  of  Northern  Asia,  Alaska,  and  Texas  are  now  rising 
out  of  the  sea;  we  are  told  that  the  coasts  of  New  Jersey,  Long 
Island,  Cape  Breton,  and  Greenland  are  now  sinking  beneath  the 
sea.  Here  were  undeniable  facts  directly  opposed  to  each  other  and 
to  my  assumption  that  these  movements  must  be  universal  in  kind 
over  either  hemisphere. 

These  conlSicting  facts,  which  seemed  to  deny  and  refute  these 
other  facts  mentioned,  as  obtained  from  the  raised  beaches,  and  te 
the  accumulation  of  which  I  have  devoted  so  many  years'  labour, 
seemed  to  assure  me  of  failure  from  the  first ;  but  notwithstanding 
the  discouraging  outlook,  search  was  undertaken  for  evidence  of 
these  periodic  vibrations  in  the  oceanic  surface,  no  hope  being 
entertained  at  that  time,  however,  of  finding  explanation  of  those 
discordant  motions,  existing  in  the  same  hemisphere,  to  which 
attention  has  been  called.  *  My  only  hope  was  that  these  fluctuations 
might  be  found  periodic  in  their  nature. 
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At  the  beginning  I  had  been  led  to  suspect  some  physical 
connection  between  the  periodic  swing  in  the  magoeticneedle  and  | 
these  oscillations  in  the  level  of  the  sea ;  therefore,  as  the  half- period 
in  the  motion  of  the  agonic  jjne  is  about  320  years,  I  commenced 
search  for  evidence  of  a  period  of  universally  higher  water  in  the 
north,  culminating  about  320  years  distant  in  the  past,  or  about  the 
year  1670. 

As  my  investigations  progressed  I  soon  met  an  obstacle.  I  found 
that  the  study  of  the  Temple  of  Jupiter  Serapis  by  Babbage,  Forbes, 
Lyell,  and  others,  demonstrated  that  the  high-water  was  receding 
in  Italy  in  the  years  1503  to  1611  (see  "Physical  Geography,"  by 
A.  J.  Jukes-Browne,  p.  46),  i^nd  consequently  my  culminating  point 
of  1670  must  be  moved  backward  to  some  period  probably  anterior 
to  1600,  and  my  assumption  that  the  present  low- water  period  was 
now  at  its  central  position  also  needed  adjustment ;  we  must  have 
passed  the  low-water  minimum. 

I  next  sought  proofs  that  the  emergence  of  the  Temple  of  Serapis 
was  coexistent  with  a  corresponding  emergence  of  every  part  of  the 
Mediterranean  shore-line,  and  these  proofs  are  in  incontestable 
existence ;  many  of  them  I  submit  herewith,  hundreds  of  them  for 
lack  of  space  I  withhold.  George  Maw  discovered  "evidence  of 
upheaval,  in  a  uniform  rise  of  about  26  feet  in  distant  parts  of  the 
Mediterranean,  of  an  old  coastline,  exactly  corresponding  with  the 
amount  of  emergence  of  the  shell-bored  columns  of  the  Temple  of 
Serapis,**  and  this  testimony  of  Maw  (see  Bep.  Brit.  Assoa  for 
Advancement  of  Science,  1870,  p.  80)  I  have  verified  by  a  hundred 
items  of  evidence  perhaps  unknown  to  him. 

Satisfied  at  length  that  the  elevated  sea-level  was  certainly 
uniform  over  the  Mediterranean,  I  extended  my  investigations  to 
the  shores  of  England,  France,  Holland,  and  the  Baltic,  to  the 
Americas,  and  to  the  shores  of  the  Pacific,  seeking  as  before  for 
evidences  of  a  raised  sea-level,  central  about  the  year  1600. 

England  supplies  a  wealth  of  evidence.  I  found  that  Queen 
Elizabeth  in  1662  was  granting  many  descriptions  of  land  in  the  bed 
of  a  creek  or  waterway  *  swawed '  or  dried  up,  "by  reason  of  the 
receding  waters"  ("  History  of  Bomney  Marsh,"  Holloway,  p.  141), 
at  the  same  time,  nearly,  that  Ferdinand  and  Isabella,  for  the  same 
reason,  were  conveying  land  in  Italy,  that  had  likewise  "  dried  up  " 
(Brown,  «  Physical  Geog.,"  p.  46). 

Having  thus  collected  much  evidence  that  the  sea-level  was 
falling  in  the  period  subsequent  to  1600,  I  next  sought  data  as  to 
its  rise  at  some  earlier  date.  Much  evidence  as  to  this  movement 
was  found.  For  instance,  in  1427  we  find  Henry  VI  perplexed  and 
disturbed  "  by  the  excessive  rising  of  waters  in  divers  parts  of  the 
realm,"  and  urging  that  remedy  should  be  "  hastily  provided  "^ 
("  History  of  Bomney  Marsh,"  p.  130). 

Testimony  such  as  this,  as  to  the  epoch  of  Henry  VI,  combined 
with  a  great  mass  of  similar  evidence,  like  the  progressive  sub- 
mergence during  the  same  period  of  the  Fens  of  England  and  the 
lowlands  of  Holland,  led  me  to  believe  that  the  waters  in  1427  were 
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rising,  and  as  I  knew  they  were  falling  in  England,  Italy,  and 
France  about  1500,  my  oonolnsion  was  that  somewhere  between 
these  dates,  say  from  1450  to  1475,  I  mast  expect  to  find  the 
•culminating  period  of  that  particular  epoch  of  northern  submergence. 

From  this  preliminary  examination  I  was  led  to  believe  that 
a  high-water  period  must  certainly  have  existed  over  the  greater 
portion  of  the  European  shores,  ci:dminating  not  far  from  the  year 
1450.  I  therefore  entered  upon  a  more  extended  search  for  data, 
not  only  as  to  this  particular  epoch  of  an  elevated  sea,  but  for  those 
other  and  more  ancient  changes  which  I  had  been  led  to  suspect 
as  stated. 

For  many  years  I  pursued  this  search,  carefully  collecting  and 
indexing  every  notice  as  to  change  of  sea-level  encountered  in  my 
readings,  regardless  of  date  or  direction  of  movement.  The  data 
thus  accumulated  seem  to  me  conclusive ;  periodic  vibrations  in  the 
ocean  level  are  certain  beyond  question.  The  pres^it  cycle  appears 
to  have  a  period  of  about  640  years,  while  the  evidence  points  to 
a  period  of  about  500  years  only  at  about  the  time  of  the  Christian  enu 

A  portion  of  the  data  which  have  been  used  in  establishing  this 
curve  (see  Diagram,  next  page)  is  submitted  herewith.  Hundreds, 
however,  of  the  facts  used  as  ordinates  are  omitted,  that  this  paper 
may  not  be  swollen  to  unreadable  size. 

When  this  material  had  been  mapped  out,  it  was  found  that 
300  points  or  more  were  aggregated  in  a  compact  body,  central 
about  the  year  1475,  and  that  each  of  these  points  bore  testimony 
to  a  period  of  high-water  at  some  part  of  the  earth's  surface  north 
of  the  Equator ;  another  aggregation  of  points,  less  numerous  and 
each  one  indicating  a  low-water  period,  was  found  bunched  between 
the  years  1100  and  1200,  central  about  1150  to  1175.  I  thus  laid 
out  all  these  accumulated  facts  each  in  its  proper  place  and  position, 
and  at  the  end  found  a  dense  haze  of  dots  central  about  the  years 
625  and  325  a.d.  and  250  b.o.,  these  clouds  representing  high- water 
periods,  and  similar  swarms  of  dots,  each  representing  proofs  of  low- 
water,  central  about  the  years  600  and  100  a.d.,  with  occasional  and 
conflicting  points,  scattered  indiscriminately  along  the  line. 

At  this  point,  then,  to  complete  my  curve  it  was  but  necessary 
to  draw  a  sinuous  line  through  these  preponderating  masses  of  dots ; 
this  curve  was  drawn,  and  the  result  is  shown  in  the  accompanying 
Diagram. 

I  now  examined  as  to  what  weight  these  conflicting  points  might 
have  towards  weakening  my  confidence  in  the  general  accuracy  of  the 
carve.  Much  labour  has  been  given  to  this  subject ;  many  of  these 
dots  were  removed  by  investigation,  others  I  attribute  with  good 
reason  to  erosion  of  shore-lines  or  to  accretion  to  shore-lines,  as  is  now 
going  on  all  over  the  world,  and  finally  I  decided  that  not  one  of  these 
conflicting  points  could  be  depended  upon  as  making  serious  objectionB 
to  the  correctness  of  our  curve.  The  information  was  too  uncertain 
in  its  nature;  it  lacked  that  element  of  the  positive,  the  known, 
which  pervaded  the  great  mass  of  evidence  on  which  the  curve  had 
been  based. 
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For  instance,  Heligoland  in  the  year  800  is  shown  in  Myers'  map 
to  be  of  great  size ;  this  is  in  conflict  with  our  curve,  as  the  year 
SOO  being  near  the  high -water  period,  the  island  should  have  been 
small  in  size.  On  investigation  we  find  that  we  have  testimony 
equally  strong  that  the  island  was  small  at  that  time.  The  description 
of  the  island  by  Adam  of  Bremen  shows  that  it  was  not  much  larger 
than  now  in  the  time  of  Charlemagne  (768  to  814),  (**  Principles," 
19th  ed.,  p.  329).  (For  this  map  of  Heligoland  in  800,  see  Yon  HoflTs 
•*  Geschichte,"  etc.,  vol.  i,  p.  66.) 

Another  item  tending  to  invalidate  our  curve  is  the  legend  as  to  tbe 
submergence  of  lands  now  beneath  the  sea  in  Cardigan  Bay,  Wales. 
Pennant  states  that  these  lands — the  Cantre'r  Owaelod — were  over- 
whelmed by  the  sea  about  the  year  600  (Pennant's  "  Tours  in  Wales," 
vol.  ii,  p.  274).  In  **  The  Gossiping  Guide  to  Wales,"  however,  we 
read,  ''  We  are  not  aware  that  any  date  is  assigned  "  to  this  disaster 
(p.  37).  It  seems  that  what  little  is  known  of  this  inundation  is 
derived  from  a  poem  by  one  Prince  Gwyddno,  who  flourished  between 
the  years  460  and  620.  There  is  no  evidence  that  Gwyddno  witnessed 
the  event  he  describes,  and  it  can  be  readily  surmised  that  he  merely 
reduced  to  verse  the  current  traditions  of  an  event  that  may  have 
•occurred  three  or  four  generations  before  his  time.  If  this  was  the 
case,  the  Sam  Badrig  and  its  attached  legends  would  be  evidence 
confirmatory  of  our  curve.  In  any  case  we  are  assured  that  the  date 
fixed  by  Pennant  is  uncertain  and  offers  no  reliable  testimony 
against  us. 

(To  be  cotUinued  in  our  next  Nitmbe}'.) 

3sroa?iCES  OIF  ds^e^jjioiis^s- 

On   the    Structure   and   Affinities   of    Fossil   Plants    from 

THE    PALiEOZOIO    EOOKS.        IV.    ThB    SeED-LIKE    FrUOTIFIOATION 

OF  Lepidocarpon,  a  Genus  of  Ltoopodiaoeous  Cones  from 
THE  Carboniferous  Formation.  By  D.  H.  Soott,  M.A., 
Ph.D.,  F.R.S.,  Hon.  Keeper  of  the  Jodrell  Laboratory,  Royal 
Geurdens,  Eew. 

A  SHORT  account  of  the  new  genus  Lepidocarpon  has  been  given 
in  a  note  communicated  to  the  Royal  Society  last  August;*  the 
present  paper  contains  a  full,  illustrated  description  of  the  fossils  in 
question,  together  with  a  discussion  of  their  morphology  and  affinities. 

The  strobilus  of  Lepidocarpon  Lomaxi,  the  Coal-measure  species,  is, 
in  its  earlier  condition,  in  all  respects  that  of  a  Lepidostrobus,  of  the 
type  of  L.  Oldhamius. 

In  each  megasporangium,  however,  a  single  megaspore  or  embryo- 
sao  alone  came  to  perfection,  filling  almost  the  whole  sporangial 
oavity,  but  accompanied  by  the  remains  of  its  abortive  sister-oells. 
An  integument  ultimately  grew  up  from  the  sporophyll,  completely 
enclosing  the  megasporangium,  and  leaving  only  a  narrow  slit-like 

>  ''Note  on  the  Occurrence  of  a  Seed-like  Fructification  in  certain  PalflsoBoic 
Lycopods  " :  Koy.  Soc.  Proc.,  vol.  Ixvii,  p.  306. 
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•opening,  or  mioropyle,  along  the  top.  As  shown  in  specially  favour- 
able specimens,  both  of  Lepidoearpon  Lomaxi  and  of  L.  WUdianum, 
the  more  ancient  Burntisland  form,  the  functional  megaspore  became 
filled  by  a  large-celled  prothallus,  resembling  that  of  the  recent 
I$o€te8  or  Selaginella,  The  whole  body,  consisting  of  the  sporophyll, 
bearing  the  integumented  megasporangiuni  and  its  contents,  became 
detached  from  the  strobilus,  and  in  this  isolated  condition  is  identical 
with  the  *  seed'  described  by  Williamson  under  the  name  of  Cardio- 
carpon  anomalum,  which,  however,  proves  to  be  totally  distinct  from 
the  Cordaitean  seed  so  named  by  Carruthers. 

The  seed-like  organs  of  Lepidoearpon  are  regarded  by  the  author 
■AS  presenting  close  analogies  with  true  seeds,  but  as  differing  too 
widely  from  the  seeds  of  any  known  Spermophyta  to  afford  any 
proof  of  affinity.  The  case  appears  rather  to  be  one  of  parallel  or 
convergent  development,  and  not  to  indicate  any  genetic  connection 
between  the  Lycopods  and  the  Gymnosperms,  or  other  Phanerogams. 
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E.  Wkinschbnck.  Zue  Kbnntniss  deb  Graphitlagbrstatten. 
III.  Die  Graphitlagbrstatten  deb  Insel  Ceylon.  Abb. 
k.  bay.  akad.  Wiss.,  CI.  ii,  Bd.  xxi,  Abth.  11 ;  Miinchen,  1900. 

PROFESSOR  Weinschenck  has  examined  a  series  of  rock  and 
vein  specimens  from  the  graphite  mines  of  Ragedara,  Ampe, 
Pushena,  and  Humbuluwa,  in  Ceylon,  collected  by  Dr.  Griinling. 
He  discusses  the  nature  of  the  granulitic  rocks  and  the  mode  of 
occurrence  and  origin  of  the  graphite. 

A  general  petrographical  description  of  the  granalitic  rocks  is 
given,  illustmted  by  three  plates  of  microphotographs.  Massive 
habit,  granulitic  structure,  and  variable  chemical  composition  are 
characteristic.  Except  in  the  more  basic  varieties,  intergrowths  of 
two  felspars  are  very  noticeable.  The  granulitic  rocks  include 
a  continuous  series  ranging  from  aplites  (weiss-steine)  to  pyroxene- 
plagioclase  rocks  (trapp-granuliten)  and  even  pyroxenites.  A  rather 
oily  lustre  and  greenish  colour  are  very  characteristic  features.  The 
constituent  minerals  are  in  a  remarkably  fresh  condition,  except  in 
the  immediate  neighbourhood  of  the  graphite  veins.  It  is  interesting 
to  note  that  Professor  Weinschenck  does  not  mention  any  pleochroio 
monoclinic  pyroxene. 

There  are  certain  other  rocks  in  Ceylon  which  include  coarse- 
grained dolomites  and  '  cipolins,'  containing  blue  apatite  and  contact 
minerals  such  as  forsterite,  chondrodite,  phlogopite,  and  spinel,  and 
also  the  peculiar  andalusite,  sillimanite,  and  corundum  bearing  rocks 
described  by  Lacroix. 

The  granulitic  rocks  show  no  trace  of  the  operation  of  dynamic 
causes;  they  are  regarded  as  an  eruptive  mass  which  may  form 
a  single  unit  or  be  compound  in  character.  The  occurrence  of 
coarse  crystalline  dolomites  in  the  midst  of  the  granulitic  series 
seems  to  show  that  different  eruptive  units  are  separated  by  contact 
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rooks.  The  existenoe  of  still  younger  emptive  masses  of  granite  has 
not  yet  been  demonstrated,  for  the  few  rocks  as  yet  described  fronk 
Ceylon  as  granite  are  rather  yarieties  of  the  granulitic  series. 

Professor  Weinschenck  compares  the  Saxon  and  Ceylon  grannlitea^ 
thinking  with  Naumann  that  the  former  are  truly  eruptive  rooks. 
Had  the  Ceylon  rocks  been  studied  before  those  of  Saxony  this  view 
would  have  been  more  widely  held.  They  dijffer  from  the  Saxon 
rocks  chiefly  in  their  non-schistose  character  and  coarser  grain. 
Lehmann  regarded  the  peculiarities  of  the  Saxon  granulites  as  th& 
result  of  dynamo-metamorphism.  He  regarded  the  microperthitia 
intergrowths  of  two  felspars  as  the  result  of  such  a  process,  but  a» 
these  are  characteristic  of  quite  unaltered  rocks  in  Ceylon  they  may 
also  be  original  in  the  Saxon  rocks.  The  absence  of  sericite  Id 
the  latter  presents  a  difficulty  to  those  who  favour  the  dynamo- 
metamorphic  view.  Lehmann  supposed  that  its  place  was  taken  by 
biotite,  but  this  mineral  is  not  infrequently  an  original  constituent 
in  Ceylon  rocks.  Gurnets  are  characteristic  of  typical  granulites,. 
and  their  presence  is  the  result  of  chemical  peculiarities  in  the 
magma  or  peculiar  physical  conditions  obtaining  at  the  time  of  its- 
consolidation.  The  chemical  composition  of  Ceylon  and  Saxon 
granulites  resembles  those  of  truly  igneous  rocks.  Perhaps  in 
Saxony  we  are  dealing  only  with  the  outer  margin  of  an  eniptive 
mass  intruded  into  surrounding  schistose  rocks,  while  in  Ceylon 
the  heart  of  the  eruptive  mass  is  exposed.  In  both  cases  there  haa 
been  extensive  magmatic  differentiation,  and  this  may  be  considered 
characteristic  of  granulites  in  general. 

It  is  only  in  immediate  contact  with  the  graphite  veins  that  the 
granulite  matrix  is  chemically  altered  and  finally  impregnated  with 
graphite.  Fragments  of  rocks  included  in  the  veins  are  also  specially 
affected.  In  the  altered  rocks  the  felspars  are  largely  changed  to* 
nontronite,  a  feature  associated  with  the  occurrence  of  graphite  in 
the  Passau  district  also.  The  pyroxenes  change  to  a  fine  scaly 
material  with  aggregate  polarization.  Mica  and  garnet  alter  less 
readily.  Impregnation  with  rutile  and  titanite  is  characteristic,  as 
in  the  Bavario-Bohemian  area.  Beside  the  rock  fragments,  pieces 
of  various  minerals  occur  in  the  veins — quartz,  pjrrite,  orthoclase, 
microperthite,  apatite,  biotite,  augite — the  formation  of  these  being 
previous  to  that  of  the  graphite,  while  oalcite,  and  sometimes  biotite, 
seem  to  have  been  deposited  contemporaneously. 

In  the  Passau  district  (Bavaria)  the  formation  of  nontronite  and 
impregnation  with  graphite  affect  the  whole  schistose  complex, 
while  in  Ceylon  the  graphite  occurs  in  veins.  This  difference 
depends  chiefly  on  the  harder  and  more  massive  character  of  the 
Ceylon  rocks.  In  Ceylon,  Siberia,  and  Cumberland  the  graphite 
occurs  in  veins ;  in  Passau  and  Taconderoga  (U.S.A.)  in  veins  and 
beds ;  in  Bohemia  in  beds :  these  differences  depend  on  the  varied 
character  of  the  matrix  and  not  on  different  modes  of  origin  of  the 
graphite.  Emanations  of  carbon  monoxide,  with  or  without 
cyanogen-bearing  compounds,  may  have  given  rise  to  the  graphite 
veins ;  while  the  introduction  of  iron  oxide  and  manganese  peroxide 
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in  their  neighbourhood  may  argue  that  metal  oarbonyls  were  also 
present. 

Finally,  Professor  Weinschenok  would  suppose  the  following  to 
have  been  the  sequence  of  events  in  Ceylon : — A  fluid  magma 
intruded  into  beds  of  unknown  age  consolidated  as  a  peculiar 
'  sohUerig '  rook,  while  contact  -  metamorphio  structures  were 
developed  in  surrounding  beds.  Contraction-joints  developed  on 
cooling,  allowed  the  formation  of  pegmatites,  including  pure  quartz 
▼eins  to  some  extent  But,  contemporaneously  with  the  formation 
of  the  pegmatite,  there  were  emanations  of  carbon  monoxide  and 
cyanogen-bearing  compounds,  which  followed  the  same  paths  as 
the  pegmatites  and  then  gave  rise  to  the  graphite  veins.  The 
syst^n  of  veins  traversing  the  whole  massif  played  in  ^  later 
mountain  movements  the  role  of  buffer,  the  soft  yielding  mineral 
absorbing  the  mechanical  effects,  and  thus  the  Ceylon  granulites 
remained  unaltered  by  dynamic  changes. 

I  have  attempted  in  this  review  merely  to  give  an  abstract  of 
Professor  Weinschenck*s  views  as  expressed  in  his  important  paper. 

A.  K.  COOMARA-SWAMT. 
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GXOLOOIOAL  SOOIKTT   OF  LONDON. 

I.  — February  16th,  1901.- J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.B.8., 
President,  in  the  Chair. 

Annual   Gxmbsal   Mbktimg. 

The  reports  of  the  Council  and  of  the  Library  and  Museum 
Committee  for  the  year  1900,  proofs  of  which  had  been  previously 
distributed  to  the  Fellows,  were  read.  The  Council  stated  that, 
although  there  was  a  decrease  in  the  number  of  Fellows,  the  financial 
prosperity  of  the  Society  continued  undiminished. 

The  report  of  the  Library  and  Museum  Committee  enumerated 
the  increasingly  extensive  additions  made  to  the  Society's  Library. 

The  reports  having  been  adopted,  the  President  handed  the 
Wollaston  Medal,  awarded  to  Professor  Charles  Barrois,  F.M.G.S., 
of  Lille,  to  Sir  Archibald  Geikie,  for  transmission  to  the  recipient, 
addressing  him  as  follows : — Sir  Archibald  Geikie, — 

In  these  days  of  spedaliiation  few  men  are  endowed  with  those  faculties  which 
enable  thrai  to  ooitnbnte  with  marked  ability  to  all  branches  of  oar  many-sided 
sdenoe ;  bat  among  those  few  Professor  Barrois  most  nnquestionably  be  ranked. 

In  the  monograph  on  the  Calcaire  d'Erbray  and  many  other  papers  he  has 
established  his  reputation  as  a  palffiontologist ;  in  numerous  memoirs  on  the  Granitic 
and  Metamorphic  Rocks  of  Brittany  he  figures  as  an  accomplished  petrologist; 
while  in  the  many  g^logical  maps  of  the  same  district  he  has  constructed  a  lasting 
monument  to  his  snll  and  energy  as  a  geological  surreyor. 

His  published  work  represents  a  ti^  accumulation  of  facts  carefully  obsenred, 
clearly  described,  and  lucioly  ammged.  More  than  this,  it  is  often  full  of  suggestire- 
ness.  He  has  had  the  satisfaction  of  initiating  lines  of  research  which  haye  been 
followed  up  with  great  success  by  others. 

It  was  he  who  first  taught  us  how  to  zone  our  English  Chalk  by  the  aid  of  the 
fossils  which  it  contains,  and  the  friendships  which  he  formed  during  the  progress 
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of  that  work  haye  been  strengtheiied  by  the  lapae  of  time.  He  might  r^eat  with 
troth  the  words  of  another  lintor  to  these  Islands  from  the  other  side  of  the  Channel : 
vfHt,  vidif  viei. 

In  his  recent  pnblications  on  Brittany  he  has  correlated  the  breadth  and  character 
-of  the  metamorphic  zones  surrounding  the  granitic  masses  with  the  thickness  of  the 
coyer  under  which  the  intrnsioDS  took  place,  and  has  suggested  ideas  that  may  proTe 
of  ^reat  importance  in  connection  witii  such  questions  as  the  origin  of  the  ciystolline 
schists  and  igneous  magmas. 

But  he  has  aided  the  proeress  of  geology  in  other  ways  than  as  an  original  worker. 
The  illustrious  pupil  of  an  ulustrious  master,  he  has  contributed  to  maintain  the  ereat 
reputation  of  Lille  as  a  centre  of  geological  teaching ;  while  his  extensiTe  knowledge 
and  exceptional  organising  ability  have  oyer  been  at  the  disposal  of  the  Internatioiial 
Geological  Congress  and  kindred  associations. 

Many  years  miye  elapsed  since  I  had  the  priyilM^  of  making  his  acquaintance,  and 
it  is  therefore  with  the  {greatest  pleasure  that  1  now  ask  you  to  transmit  to  him 
the  WoUaston  Medal,  which  has  been  awarded  to  him  by  the  Council  as  a  mark 
of  their  appreciation  of  the  great  serrices  that  he  has  rendered  to  all  branches  of 
Oeological  Science. 

Sir  Arohibald  (}eikie  replied  in  the  following  words: — Mr. 
President, — 

It  has  been  to  my  friend  Professor  Barrels  a  matter  of  yery  keen  renet  that  he  is 
prevented  from  being  here  to-day,  to  renew  his  personal  relations  witn  the  Fellows 
of  the  Oeological  Sc^ety,  and  to  receive  from  them  the  highest  distinction  which  it  is 
in  their  power  to  bestow.  We  must  all  deeply  sympathize  with  him  in  the  causes  that 
deprive  us  of  his  presence.  Bowed  down  by  one  of  the  greatest  afflictions  tiiat  can 
befall  a  father — tne  death  of  a  son  in  the  full  bloom  and  promise  of  early  manhood — 
he  has  manfully  struggled  with  his  numerous  duties,  until  at  last  his  health  has  given 
way  under  the  strain.  Let  us  hope  that  he  may  soon  be  lestored  to  his  former 
vigour,  and  be  able  to  resume  the  researches  in  Bnttany  and  the  detailed  description 
of  them  on  which  he  has  so  long  been  engaged.  He  has  asked  me  to  receive  this 
Medal  for  him,  and  I  count  it  a  great  privilege  and  honour  to  be  the  intermediary 
between  the  Oeological  Society  of  London  and  one  of  the  most  distinguished  ana 
widely  esteemed  geologists  of  Europe.  Professor  Barrois  has  sent  a  letter  of  thanks, 
which  1  will  now  read : — 

**  Mr.  Prbsidbnt, — 

'*  Allow  me  to  express  my  gratitude  for  the  new  honour  which  the  Geological 
Society  has  bestowed  upon  me,  by  the  award  of  the  Wolltston  Medal,  as  I  cannot 
but  recall  that  the  Council  has  on  a  former  occasion  encouraged  me  in  my  scientific 
work  by  the  award  of  the  Bigsby  Medal. 

'*  I  have  since  made  lone  wanderings  along  the  Channel  cliffs  on  both  sides,  from 
chalk  to  granite,  for  the  stuie  of  sdenoe,  in  the  steps  of  De  la  Beche,  Fitton,  Goidwin- 
Austen,  uid  the  founders  of  stratiffrapMcal  geology ;  and  it  is  for  me  a  very  unexpected 
event  to  see  my  name  written  to  day,  for  ever,  with  theirs,  in  the  Proceedings  of  the 
Society. 

*'  No  distinction  can  be  more  gratiMng  to  a  geolodst  than  to  receive  its  highest 
award  from  the  Council  of  the  iUusuious  Society  which  for  nearly  a  century  has 
extended  our  knowledge  in  every  branch  of  geology,  and  promoted  progress  in  every 
part  of  the  earth.  I  so  neatly  appreciate  this  great  honour,  that  I  feel  as  if  the 
work  that  I  have  been  able  to  aocompliBh  was  too  small  to  merit  the  WoUaston 
Medal,  eranted  as  a  reward,  but  rather  as  a  friendly  indtation  to  go  on  in  my  labour — 
'  upward  and  onward.*  " 

Cha&lbs  Barrou. 

"  Lille,  February  9th,  1901.** 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
WoUaston  Donation  Fund  to  Mr.  Arthur  Walton  Bowe,  M.B.,  ILS., 
of  Margate,  addressing  him  as  follows : — Dr.  Bowe, — 

It  will,  I  am  sure,  be  a  source  of  gratification  to  you  to  be  associated  with 
Professor  Barrois  on  the  present  occasion,  for  you  have  done  much  to  confirm  and 
extend  the  principles  which  he  first  applied  to  tne  elucidation  of  the  struetore  of  the 
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Bagliflh  Chalk.  We  recogaize,  boweyer,  that,  although  your  work  has  been  of  yerr 
groat  atratigraphical  importance,  your  main  object  is  biological,  and  that  the  task 
▼on  haye  set  yourself  is  that  of  working  out  the  erolution  of  organic  forms  during 
ihe  Upper  Cretaceous  period. 

In  Toor  paper  on  Mieraater  you  haye  set  an  example  which  I  trust  will  be  followed. 
You  haye  shown  how  it  is  possible  to  deal  with  a  yast  mass  of  material,  so  as  to 
bring  out  the  main  facts  of  evolution,  without  burdening  science  with  hosts  of  new 
names  and  long  lists  of  synonyms. 

By  the  application  of  the  dental  engine  to  the  preparation,  and  of  micro-photography 
to  the  illustration,  of  fossils,  you  haye  also  renaered  sifl;nal  service  to  science. 

The  Council  of  the  Geolo^cal  Society,  in  making  tlus  award,  have  been  desirous 
of  expressing  their  gratitude  to  you  for  the  work  that  you  have  already  accomplished, 
and  tneir  lively  sense  of  favours  to  come. 

In  handing  the  Murobison  Medal,  awarded  to  Mr.  Alfred  John 
Jukes- Browne,  B.A.,  of  H.M.  G^logical  Survey,  to  Mr.  W.  Whi taker, 
for  transmission  to  the  reoipient,  the  President  addressed  him  as 
follows  : — Mr.  Whitaker, — 

Mr.  Jukes- Browne,  whose  absence  we  all  deeply  reeret,  has  aided  the  progress 
of  geology  in  many  ways.  His  numerous  writings  on  tne  Upper  Cretaceous  Uocks 
are  too  well  known  to  make  it  necessary  for  me  to  refer  to  them  in  detail.  He  has, 
from  the  first,  recognized  the  enormous  importance  of  associating  palseontological 
with  stratij^phical  work,  and  by  original  research,  as  well  as  by  a  critical  study 
of  the  writings  of  others,  has  made  himself  master  of  the  geology  of  that  period 
to  which  he  mis  especially  devoted  himself. 

But  he  possesses  also  a  good  all-round  knowledge  of  geolo^.  His  Handbooks  on 
Physical  and  Historical  Geology  have  been  of  great  service  to  students,  and  his 
sn^g^estive  work  on  the  Building  of  the  British  Isles  has  been  the  means  of  directing 
attention  to  many  problems  of  considerable  theoretical  interest 

There  is  yet  another  way  in  which  he  has  rendered  g^reat  service  to  geology,  and 
that  is  as  a  stimulator  of  work  in  others.  I  am  sure  that  no  one  will  be  more  ready 
to  acknowledge  this  than  Mr.  William  Hill,  with  whom  Mr.  Jukes-Browne  has 
been  so  long  associated. 

In  recognition  of  these  many  services  to  our  science,  the  Council  have  awarded  to 
him  the  Murchison  Medal,  which  I,  an  old  College  friend  and  fellow -student,  now 
ask  you  to  transmit  to  him  with  our  heartiest  good  wishes. 

Mr.  Whitaker,  having  expressed  his  gratification  at  the  privilege 
of  receiving  the  Medal  on  behalf  of  an  old  colleague  and  valued 
friend,  read  the  following  extracts  from  a  letter  which  he  had 
received  from  Mr.  Jukes-Browne  : — 

**  I  beg  you  to  convey  to  the  Council  of  the  Geological  Society  my  deep  appreciation 
of  the  honour  conferred  upon  me  bv  the  award  of  the  Murchison  Medal,  and  my 
great  regret  that  the  state  of  my  health  makes  it  impossible  for  me  to  be  present  in 
person  to  express  my  acknowleq^ents. 

**  That  such  work  as  I  have  been  able  to  accomplish  should  be  thought  worthy  of 
this  high  reward  is  not  only  a  present  gratification,  but  will  be  an  incentive  to  snow 
myself  more  worthy  of  such  recognition.  I  feel  also  that  I  have  been  specially 
fortunate  in  my  friends,  and  that  without  the  assistance  of  two  of  them  in  particular 
— Mr.  W.  Hill  and  Professor  J.  B.  Harrison — many  of  the  investigations  in  which 
I  have  been  concerned  would  have  been  incomplete.' 

**  1  should  like  further  to  say  that  the  pleasure  of  receiving  the  Murchison  Medal 
on  the  present  occasion  is  much  enhanced  by  the  knowledge  that  the  Wollaston 
Medal  ia  at  the  same  time  awarded  to  my  old  friend  Professor  Barrois,  whose  zonal 
voik  among  the  Cretaceous  rocks  of  England  and  France  has  added  so  much  to  our 
knowledge  of  those  rocks.  ** 

The  President  then  handed  the  Balance  of  the  Proceeds  of  the 
Murchison  Geological  Fund,  awarded  to  Mr.  Thomas  Sargeant 
Hall,  M.A.y  of  Melbourne,  to  Professor  J.  W.  Judd,  for  transmission 
to  the  recipient,  addressing  him  as  follows : — Professor  Judd, — 
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In  awarding  the  Balance  of  the  Proceeds  of  the  Mnrchison  Fond  to  Mr.  Hall, 
the  Ck>micil  is  desiroos  of  recognising  the  ralue  of  his  many  contributions  to  Anstralian 
Oeology,  and  especially  of  his  detailed  researches  on  the  Zonal  Distribution  of  the 
Oraptolites  of  Victoria.  His  work  has  thrown  much  light  on  tiie  Lower  Palsosoic 
history  of  Australia  ;  while  his  discovery  of  the  coinddenoe  of  the  Ordorician 
auriferous  belts  with  certain  graptolitie  zones  is  an  illustration  of  tiie  bearing  of 
palseontolorical  research  on  economic  questions. 

His  appucation  of  the  zonal  method  of  research  to  the  Kainozoic  deposits  of 
Victoria  luis  done  much  to  elucidate  the  later  geoloncal  history  of  the  colony,  and 
his  bibliographic  labours  haye,  I  am  told,  greatly  facOitated  the  work  of  his  sdentiftc 
colleagues  in  Victoria.  We  hope  that  this  award  will  be  of  some  assistance  to  him 
in  fuiiher  researches. 

In  presenting  the  Lyell  Medal  to  Dr.  Bamsay  Heatley  Traquair, 
F.R.S.,  of  Edinburgh,  the  President  addressed  him  in  the  following 
words :— Dr.  Traquair, — 

The  Council  of  the  Geological  Society,  in  presenting  you  with  the  Lyeli  Medal, 
desires  to  express  its  sense  of  the  great  value  of  your  many  contributions  to 
Palaeontology.  More  than  thirty  years  have  elapsed  since  the  publication  of  tout 
first  papers  on  Fossil  Fishes,  and  during  the  whole  of  that  penod  you  have  been 

S'Ting  efidence  of  your  keen  insight  into  the  structure  of  these  interesting  forms  of 
'e.    I  can  only  refer  to  one  or  ^o  of  your  more  important  works. 

Tour  memoirs  on  the  structure  of  the  Palsconiscidfe  and  Platysomidie  are,  I  believe, 
masterpieces  of  descriptlTe  paleeontology,  and  must  for  ever  remain  most  valuable 
works  of  reference.  Of  great  importance,  from  a  geological  point  of  view,  have  been 
your  researches  bearing  on  the  nsh  fauna  of  the  Old  Red  Sandstone  of  Scotland. 
You  have  not  only  shown  the  complete  divergence  between  the  fauna  of  the  Orcadian 
Series  and  that  of  the  Lower  Old  Ked  Sandstone  south  of  the  Grampians,  but  you  have 
also  pointed  out  that  in  certain  areas  the  fishes  in  different  divisions  of  that  formation 
are  arranged  in  life-zones — a  fact  which  has  been  of  service  to  the  field -geologist. 

Your  last,  and  perhaps  your  greatest,  work  is  your  monograph  on  the  remarkable 
Fossil  Fishes  from  the  Silurian  rocks  of  the  South  of  Scotland.  Yonr  keen  insight 
and  wide  knowledge  of  fossil  ichth^oloey  enabled  you  to  show,  among  other  points, 
that  the  group  of  the  Heterostraci,  which  hitherto  contained  only  the  Pteraspidac, 
must  be  consiaerably  enlarged,  and  that  a  transition  could  be  seen  from  the  shagreen- 
covered  CoBlolepidas  to  the  plate-covered  Pteraspidce.  You  have  also  arrived  at  the 
conclusion  that  the  Heterostraci,  tho^h  not  actual  Selachians,  had  in  all  probability 
a  common  origin  with  the  primitive  ^iasmobranchs.  These  results  must  be  of  the 
highest  interest  to  biolo^fisfe. 

1  have  great  pleasure  in  handing  to  you  the  Medal,  together  with  our  best  wishes 
that  you  may  long  be  spared  to  carry  on  your  most  valuable  researches. 

Dr.  Traquair  replied  as  follows : — Mr.  President, — 

Permit  me  to  thank  the  Council  of  the  Geolo^cal  Sodetv  for  the  honour  which 
they  have  this  day  conferred  upon  me,  and  you,  sir,  for  the  kind  words  which  you 
have  spoken  regarding  my  work. 

I  am  much  gratified  to  hear  that  some  of  that  work  has  been  of  use  to  the 
stratinaphical  geologist,  as  it  is  indeed  impossible  for  the  palaeontologist  who  has 
himself  collected  in  the  field  to  avoid  taking  an  interest  in  his  subJMt  from  the 
geological  standpoint  also. 

The  impulse,  nowever,  which  led  me  to  take  up  Fossil  Fishes  as  a  speciality  was 
entirely  biological.  While  still  a  bov  at  school  1  broke  open  an  ironstone  nodule 
containing  a  piece  of  a  PalflBonisdd  fish,  and  was  thereupon  seized  by  an  intense 
curiosity  to  know  how  the  bones  of  its  head  were  arranged.  As  I  did  not  find  the 
information  that  I  desired  in  the  books,  I  resolved  some  day  to  try  and  work  out 
the  problem  myself.  Need  I  remark  that,  when  in  due  time  I  got  fairly  to  work 
on  the  subject,  I  found  that  fossil  ichthyology  presented  a  field  sufficient  to  supply 
not  only  myself,  but  many  others,  with  origi^  work  for  our  lifetimes  ? 

If  the  work  that  I  have  accomplished  in  this  field  falls  far  short  of  the  realization 
of  early  dreams,  it  is  still  gratih-mg  for  me  to  find  that  I  have  been  able  to  do  enough 
to  merit  this  expression  of  the  Society's  approbation. 

Digitized  by  VjOOQ IC 


JReporU  and  Proceedings'-Oeological  Society  of  Lo)uIon.     181 

In  presenting  one  half  of  the  Balance  of  the  Proceeds  of  the  Ljell 
Geological  Fund  to  John  William  Eyans,  D.Sc.,  LL.B.y  the  President 
addremd  him  as  follows  : — Dr.  Evans, — 

Half  the  Balance  of  the  Prooeeds  of  the  Lyell  Fund  has  been  awarded  to  yon,  in 
recognition  of  the  importance  of  jonr  geolc^cal  work  during  the  last  ten  years. 
Yonr  Tint  to  an  almost  unknown  part  of  Brazil,  and  seyeral  years'  residence  in  India, 
have  enabled  you  to  make  observations  and  to  collect  specimens  of  great  value  to 
our  science.  The  papers  which  you  have  already  published  in  our  Journal  on  the 
Matto  GrosBo  district,  and  on  the  Calcareous  Sandstones  and  Monchiquites  of  North- 
western India,  are  evidence  of  your  capacity  for  original  work. 

We  trust  that  this  award  may  aid  you  in  publishmg  the  results  of  investigations 
that  you  are  known  to  have  carried  out  while  engai^  in  the  Survey  of  the  State 
of  Junagarh  (Kathiawar),  and  will  encourage  you  in  further  work. 

In  handing  the  other  half  of  the  Balance  of  the  Proceeds  of  the 
Lyell  Geological  Fund,  awarded  to  Mr.  Alexander  McHenry»  of 
the  Qeological  Survey  of  Ireland,  to  Sir  Archibald  Oeikie,  for  trans- 
mission to  the  recipient,  the  President  addressed  him  as  follows  : — 
Sir  Archibald  Oeikie, — 

Mr.  McHenry's  claims  to  recogpution  are  well  known  to  you,  and  the  fact  that 
you  receive  the  award  of  a  moi^  of  the  Balance  of  the  Proceeds  of  the  Lyell 
Geological  Fund  on  his  behalf  is  a  proof  that  you  cordially  endorse  the  action  of 
the  Council.  For  forty  years  he  has  laboured  to  advance  our  knowledge  of  Irish 
Geology  as  a  member  of  the  Geological  Survey,  first  as  a  collector  of  fossils  and 
rock-specimens  and  afterwards  as  a  member  of  tiie  Surveying  Staff.  Most  of  his 
work  has  been  published  in  the  Maps  and  Memoirs  of  the  Geolospcal  Survey,  to 
which  he  has  devoted  himself,  as  you  yourself  have  said,  with  aamirable  loyalty 
and  enthusiasm.  One  of  his  most  useful  labours  has  been  the  preparation,  in 
cooiunetion  with  his  former  colleague,  Professor  Watts,  of  a  Guide  to  the  Collection 
of  Bocks  and  Fossils  belonging  to  the  Geoloncal  Survey  of  Ireland.  His  extensive 
and  accurate  knowledge  lar^ycontributed  to  make  this  work  a  most  valuable 
compendium  of  Irish  Geology.  We  hope  that  this  award  will  act  as  an  encourage- 
ment to  him  and  be  of  some  assistance  in  further  work. 

Sir  Archibald  Greikie,  in  reply,  said : — Mr.  President, — 

<)n  the  part  of  my  old  colleague,  I  have  to  express  to  the  Geo1<^cal  Society  his 
best  tiianks  for  the  recognition  of  his  work  which  is  expressed  in  this  award.  Kext 
to  myself  he  is  the  member  of  the  Geological  Survey  who  has  been  longest  on 
Ike  staff.  His  whole  life  has  been  devoted  to  his  official  duties,  and  he  has  only 
now  and  then  ventured  to  make  his  appearance  in  non-official  print.  His  labours 
are  tiius  chronicled  in  the  Maps,  Sections,  and  Memoirs  of  the  Geological  Survey 
of  Ireland,  and  are  probably  familiar  to  comparatively  few  geologists.  He  has 
been  content  honestly  and  strenuously  to  do  his  duty  with  a  loyalty  that  has  never 
flinched,  and  with  an  enthusiasm  that  seems  to  wax  higher  as  the  years  go  past. 
To  such  a  man  you  may  well  believe  that  recognition  from  the  Geological  Society  is 
as  precious  as  it  is  unlocked  for.  It  wiU  nerve  him  with  fresh  energy  for  the  task 
of  revision  of  the  Superficial  Deposits  of  Ireland  on  which  the  Survey  is  about  to 
enter ;  for  it  will  show  him  that  his  work  is  not  only  known  to  his  colleagues,  but 
ts  appreciated  by  the  leaders  of  Geological  Science  here. 

In  presenting  the  Bigsby  Medal  to  Mr.  Greorge  William  Lamplngh, 
of  n.M.  Geological  Survey,  the  President  addressed  him  as  follows : — 
Mr.  Lamplngh, — 

In  1S91  the  Council  of  the  Geological  Society  recognized  the  value  of  your  work 
on  the  Glacial  Deposits  of  Torkshire  and  on  the  Speeton  Clay  by  an  award  from 
the  Lyell  Fund.  Since  that  time  you  have  still  further  extended  our  knowledj^  of 
the  Lower  Cretaceous  rocks  of  Yorkshire  and  Lincolnshire,  and  have  furnished 
Professor  Pavlov  with  material  which  has  enabled  him  to  throw  considerable  liffht 
<m  the  physical  conditions  and  migrations  of  the  Cephalopod  fauna  during  ihe 
period  represented  by  these  rocks. 
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Tour  early  work  was  done  in  the  midst  of  an  adave  and  successfal  badness  oareer, 
which  yon  gave  up,  somewhat  against  the  advice  of  yonr  friends,  to  join  the 
Geological  Surrey  and  devote  all  your  enerey  to  the  progress  of  science.  Of  late 
years  you  have  been  working  in  tiie  Isle  of  Man,  and  the  map  of  that  island  which 
you  have  produced  is  a  striking  proof  of  your  skill  as  a  geological  surv^or.  Its 
publication  leads  us  to  look  forward  with  great  expectations  to  the  forthcoming 
memoir. 

In  awarding  to  you  the  Bigsby  Medal,  the  Council  feel  that  they  are  placing  it  in 
safe  hands.     You  have  done  much,  and  they  confidently  expect  that  you  will  do  more. 

Mr.  Lamplugh  replied  in  the  following  words : — Mr.  President, — 
It  is  not  without  a  proper  sense  of  responsibility  that  I  receive  this  Medal.  The 
terms  of  the  award  leave  no  doubt  that,  while  it  is  intended  to  some  extent  a» 
a  recognition  of  work  already  done,  it  is  essentially  intended  as  an  incentive  to  further 
work,  and  implies  a  certain  obligation  in  this  respnect,  which  you,  sir,  in  your  engaging 
words  have  not  attempted  to  lignten.  The  recipients  of  this  Medal  in  the  pan  have 
always  fulfilled  the  obligation,  and  it  will  indeed  be  a  satisfaction  to  me  if  it  be  in 
mypower  to  prove  my  fitness  for  the  trust  rejMMed  in  me  by  this  award. 

You  have  made  reference  to  my  altered  circumstances  since  the  time,  ten  vears 
ago,  when  my  earlier  work  received  kindly  recognition  from  the  Council  ot  this 
Society ;  and  it  may,  therefore,  be  permitted  me  to  confess  that,  in  deciding  to  devote 
my  whole  energies  to  geological  research,  I  felt  some  misgiving  lest  the  studies  which 
had  proved  so  congenial  as  a  recreation  should  take  on  another  aspect  when  made 
the  main  occupation  of  my  life.  But  the  misgiving  has  proved  groundless;  the 
wider  opportunity,  so  far  nrom  blunting  my  interest  in  these  studies,  has  brought 
fresh  zest,  and  on  every  side  has  opened  up  vistas  of  promising  work  for  the  future. 

The  President  read  his  Anniversary  Address,  in  which  he  first 
gave  Obituary  Notices  of  several  Fellows  and  Foreign  Members 
deceased  since  the  last  Annual  Meeting,  including  Professor  0.  M. 
Torell  (elected  F.M.  in  1888),  Professor  A.  Milne- Edwards  (F.M.  in 
1899) ;  the  Duke  of  Argyll  (President  in  1872-74) ;  Mr.  C.  Tylden- 
Wnght  (elected  a  Fellow  in  1857),  Mr.  G.  C.  Oreenwell  (el.  in  1858), 
Mr.  G.  H.  Morton  (el.  in  1858),  General  Pitt-Eivers  (el.  in  1867), 
Professor  G.  H.  F.  Ulrich  (el.  in  1867),  Mr.  J.  Thomson  (el.  in 
1868),  Mr.  C.  J.  A.  Meyer  (el.  in  1869),  Mr.  W.  P.  Sladen  (el. 
in  1872),  Dr.  John  Young  (el.  in  1874),  and  Dr.  W.  Waagen 
(el.  in  1881). 

He  then  dealt  with  the  evolution  of  petrological  ideas  during  the 
nineteenth  century,  especially  as  regards  the  igneous  rocks.  The 
discussions  as  to  the  origin  of  basalt  and  granite  were  referred  to» 
and  it  was  shown  that  the  controversy  regarding  the  latter  rook 
had  contributed  largely  to  the  clearing  up  of  our  ideas  as  to  the 
nature  of  plutonic  phenomena. 

The  solution  theory  propounded  by  Bunsen  was  especially  empha- 
sized, and  its  modem  developments  were  briefly  sketched.  It  was 
suggested  that  the  next  great  advance  will,  in  all  probability,  be  the 
result  of  experiment,  controlled  by  the  modem  theory  of  solutions, 
and  carried  out  for  the  purpose  of  testing  the  consequences  of  that 
theory  and  discovering  the  modifications  which  may  be  necessary  to 
adapt  it  to  igneous  magmas.  The  bearing  which  recent  work  on 
alloys  had  on  petrographical  problems  was  also  referred  to. 

The  problem  of  the  origin  of  petrographical  species  was  next 
considered,  and  the  growth  of  ideas  on  the  subject  briefly  sketched. 
It  was  pointed  out  that  although  magmatic  differentiation  is  accepted 
by  many  as  an  important  factor  in  producing  different  kinds  of 
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igneous  rooks,  it  does  not  rest  on  any  assured  experimental  basis. 
Di&rentiation  dependent  on,  or  oonneoted  with,  the  orystallizatipn 
of  definite  minerals  was  reviewed  more  favourably;  but  it  was 
pointed  out  that  all  theories  of  differentiation  whion  are  based  on 
unaided  molecular  flow  are  subject  to  the  criticism  that  the  time 
required  to  effect  any  important  differentiation  appears  to  be  too 
great. 

Reference  was  also  made  to  recent  work  on  the  modification  of 
igneous  magmas  by  the  inclusion  and  assimilation  of  rocks  through 
which  they  pass;  and  the  conclusion  was  reached  that  the  origin 
of  species,  so  far  as  igneous  rocks  are  concerned,  is  a  problem 
the  final  solution  of  which  has  been  handed  on  by  the  nineteenth 
century  to  its  successor. 

The  ballot  for  the  Coandl  and  Officers  was  taken,  and  the  foUowii^  were  declared 
duly  elected  for  the  ensuing  ywt -.—Gouneil  i  W,  T.  Blanford,  LL.D.,  F.R.S. ; 
Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D.,  F.R.8. ;  Professor  E.  J.  Garwood,  M.A. ; 
Professor  T.  T.  Groom,  M.A.,  D.Sc. ;  Alfred  Harker,  Esq.,  M.A. ;  R.  S.  Berries, 
Esq.,  M.A. ;  William  HiU,  Esq.  ;  W.  H.  Hudleston,  Esq.,  M.A.,  F.R.8.,  F.L.S. ; 
Prof.  J.  W.  Judd,  C.B.,  LL.D.,  F.R.8. ;  Lieut-Gen.  C.  A.  McMahon,  F.R.S. ; 
J.  £.  Marr,  Esq.,  M.A.,  F.R.S. ;  Professor  H.  A.  Miers,  M.A.,  F.R.S. ;  Right 
Rev.  John  Mitchinson,  D.D.,  D.C.L. ;  H.  W.  Monckton,  Esq.,  F.L.S. ;  E.  T. 
Newton,  Esq.,  F.R.S. ;  G.  T.  Prior,  Esq.,  M.A. ;  F.  W.  Rudler,  Esq. ;  Professor 
H.  G.  Seeley,  F.R.S.,  F.L.S. ;  Professor  W.  J.  Sollas,  M. A.,  D.Sc.,  LL.D.,  F.R.S. ; 
J.  J.  H.  TeaU,  Esq.,  M.A.,  F.R.S. ;  Professor  W.  W.  Watts,  M.A. ;  W.  Whitaker, 
E«j.,  B.A.,  F.R.S. ;  H.  B.  Woodward,  Esq.,  F.R.S. 

Ofi4)er$:—Fre*idetU:  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.  Viee-FireHdmts : 
J.  E.  Marr,  Esq.,  M.A.,  F.R.S. ;  H.  W.  Monckton,  Esq..  F.L.S.  ;  Professor 
H.  G.  Seeley,  F.R.S.,  F.L.S. ;  W.  Whitaker,  Esq.,  B.A.,  F.R.S.  Secretaries: 
R.  S.  Herries,  Esq  ,  M.A. ;  Professor  W.  W.  Watts,  M.A.  Forei^  Seeretarv: 
Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D.,  F.R.S.,  F.L.S.  Treantrer:  W.  T. 
Blanford,  LL.D.,  F.R.S. 


IL  — February  20,  1901.  — J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.R.S., 
President,  in  the  Chair. 

The  Address,  which  it  is  proposed  to  submit  to  His  Majesty  the 
King,  on  behalf  of  the  President,  Council,  and  Fellows,  was  read  as 
follows,  and  the  terms  thereof  were  approved  : — 

"TO  THE  KING'S  MOST  EXCELLENT  MAJESTY. 

"Mat  it  please  toub  Majesty, 

"  We,  your  Majes^'s  most  dutiful  and  loyal  subjects,  the  President, 
Cooncil,  and  Fellows  of  the  Geological  Socie^  of  London,  humbly  beg  leaye  to  offer 
to  your  Majesty  our  most  profound  and  heartfelt  sympathy  in  the  great  sorrow  which 
has  fallen  on  you  in  the  death  of  our  late  beloyea  Soyereign  Queen  Victoria,  and  to 
most  respectfully  express  the  deep  grief  that  we,  in  common  with  all  your  Majesty's 
subjects,  feel  at  the  great  loss  which  has  befallen  tibe  nation. 

**  While  thus  expressing  our  grief,  we  most  humbly  beg  leave  to  offer  to  your 
Majesty  our  most  sincere  and  unieinied  congratulations  on  your  Majesty's  accession 
to  tne  throne  of  your  ancestors.  Our  knowledge  of  the  great  interest  which  your 
Majesty  has  always  taken  in  all  matters  relating  to  the  welfare  of  your  subjects 
males  us  feel  with  confidence  that  science  will  continue  to  adyance  during  your  reign 
as  in  that  of  Her  late  Majesty  of  beloved  memory.  We  recall  with  pride  that  your 
Majesty's  father,  the  late  Ptince  Consort,  was  for  many  years  a  Fellow  of  this 
Sooety. 

''  And  we  shall  ever  pray  that  your  Majesty  may  long  be  spared  to  reign  over 
a  happy  and  contented  people." 
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Pzofesflor  J.  B.  ELarriBon,  alluding  to  a  series  of  views  of  parte  of 
the  interior  of  British  Guiana,  which  he  laid  on  the  table,  remarked 
that  the  photographs  had  been  taken  by  his  colleague,  Mr.  H.  L 
Perkins,  F.G.S.,  Acting  Commissioner  of  Mines  in  British  Guiana, 
during  their  recent  geological*  investigations  into  the  structure  of 
the  goldfields  of  that  colony.  The  views  well  illustrate  the  general 
characteristics  of  the  densely  wooded  country  in  which  the  gold- 
bearing  areas  occur,  and  give  some  idea  of  the  difficulties  which 
affect  the  work  of  the  mining  prospector  and  of  the  field-geologist 
in  that  colony. 

Several  of  the  photographs  illustrate  rapids,  cataraote,  and  falls 
which  so  frequently  occur  along  the  courses  of  some  of  the  vast 
rivers  of  that  part  of  South  America,  and  show  the  differing  forms 
of  weathering  of  various  igneous  rocks  and  of  horizontally-bedded 
sandstones  and  conglomerates  in  the  tropics. 

Among  the  photographs  are  several  fine  views  of  the  Kaieteur 
Falls  on  the  Potaro  River,  a  tributary  of  the  Essequibo.  These 
falls,  which  were  discovered  by  a  Fellow  of  the  G^logical  Society, 
Mr.  C.  Barrington  Brown,  in  the  course  of  his  geological  recon- 
naissance of  the  colony  about  thirty  years  ago,  occur  near  the 
escarpment  of  the  great  sandstone  formation  which  is  so  largely 
developed  in  the  Guianas  and  in  Brazil.  The  falls  are  over  a  ledge 
of  very  coarse  siliceous  conglomerate,  some  18  or  20  feet  thick, 
which  overlies  a  thickness  of  about  1000  feet  of  almost  horizontally- 
bedded  sandstones.  The  river  above  the  falls  is  about  400  feet 
broad  and  from  18  to  20  feet  deep,  and  falls  vertically,  as  a  great 
curtain  of  water,  for  740  feet,  into  a  vast  chasm  at  the  extremity 
of  a  deep  valley  which  it  has  eroded  for  a  distance  of  about  17  miles 
from  the  escarpment  of  the  sandstones.  During  the  first  3  or 
4  mOes  of  ite  course  from  the  falls  through  the  valley,  the  river 
descends  for  about  400  feet  by  a  series  of  cataracte  and  rapids. 
The  valley,  which  is  eroded  in  places  through  the  sandstones  into 
the  underlying  igneous  rocks,  is  of  surpassing  beauty,  and  offers 
many  features  of  marked  geological  interest.  One  of  the  views, 
taken  when  the  water  was  low  after  a  long-continued  drought, 
shows  very  clearly  the  great  cave  which  the  spray  of  the  falling 
water  has  cut  out  from  the  softer  sandstone  strata. 

Others  of  the  views  show  the  somewhat  primitive  methods 
employed  in  prospecting  and  in  working  the  placer-claims  for  gold. 

Professor  Edward  Hull  made  a  communication,  illustrated  by 
lantern-slides,  on  the  submerged  valley  opposite  the  mouth  of 
the  River  Congo.  The  position  of  this  submerged  valley  has  been 
ascertained  by  Mr.  Edward  Stallybrass  and  Professor  Hull,  by 
contouring  the  floor  of  the  ocean  with  the  aid  of  the  soundings 
recorded  on  the  Admiralty  Charts.  The  sides  of  the  valley  are 
steep  and  precipitous  and  clearly  defined,  the  width  varying  from 
2  to  10  miles,  and  the  length  across  the  Continental  platform  being 
about  122  miles.  It  is  continuous  with  the  Valley  of  the  Congo, 
and  its  slope  is  uninterruptedly  downward  in  the  direction  of  the 
abyssal  floor.  The  steepness  of  the  sides  indicates  that  they  are 
formed  of  very  solid  rocks. 
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Several  other  submerged  valleys  off  the  coast  of  Western  Barope 
'were  described  for  comparison.  In  most  cases  the  landward  end 
of  the  submerged  river-channel  is  filled  with  silt,  etc.,  for  some 
distance  from  the  mouth  of  the  actual  river;  but,  farther  out,  its 
•oourse  becomes  quite  distinct  towards  its  embouchure  at  the  edge 
of  the  Continental  platform.  Among  the  valleys  specified  were 
those  off  the  mouth  of  the  Tagus  and  the  Lima,  the  Adour,  and  the 
IfOire,  and  those  in  the  English  and  Irish  Channels. 

The  following  communication  was  read  : — 

''  The  G^eological  Succession  of  the  Beds  below  the  Millstone  Grit 
"Series  of  Pendle  Hill  and  their  equivalents  in  certain  other  parts 
of  England."  By  Wheelton  Hind,  M.D.,  B.S.,  F.R.C.S.,  P.G.S., 
and  J.  Allen  Howe,  Esq.,  B.Sc,  F.G.S. 

Part  i  of  this  paper  consists  of  a  detailed  account  of  the  ground. 
Many  detailed  sections  are  given,  showing  in  each  case  the  exact 
fossiliferous  horizons.  The  geological  succession  between  the  massif 
-of  limestone  and  the  Millstone  Grit  Series  on  Pendle  Hill  is  shown, 
by  various  sections,  to  contain  a  characteristic  limestone  series, 
-easily  distinguished  by  paliBontological  and  lithological  characters 
from  the  White  or  Clitheroe  Limestone.  This  calcareous  series  is 
found  to  be  very  constant  over  a  certain  definite  area,  and  to  contain 
a  zonal  fauna. 

By  various  sections  the  extent  of  the  deposit  is  shown,  and  it  is 
demonstrated  that  the  deposit  occupies  a  basin,  of  which  the  Pendle 
district  covers  the  maximum  area  of  deposit,  for  the  sequence  thins 
out  rapidly  north-wes  and  south.  But  although  the  beds  thin  out, 
a  calcareous  series  with  a  typical  zonal  fauna  is  always  present 
Beds  containing  this  fauna  are  traced  from  County  Dublin,  the  Isle 
of  Man,  Bolland,  Craven,  the  Calder  and  Mersey  valleys,  to  Derby- 
shire and  North  Staffordshire.  It  is  shown  that  this  series,  for 
which  the  term  Pendleside  Series  is  proposed,  occupies  a  basin 
about  the  size  of  the  area  indicated  above,  and  that  the  beds  are 
lithologically  distinct  from  the  Yoredale  Beds  of  Wensleydale,  and 
contain  a  different  fauna. 

Part  ii  discusses  the  question  in  detail,  from  a  palfloontological 
point  of  view.  Several  goniatites  and  Posidonomya  Beeheri  are 
^own  to  be  characteristic  of  the  lower  part  of  the  series,  while 
Aviculapeeten  papffraeeus,  PoaidomeUa  lavis,  and  certain  goniatites 
have  a  wider  distribution  in  the  series. 

The  faunas  of  the  Yoredale  Beds  of  Wensleydale  and  the  Pendle- 
side Series,  generally  mapped  as  Yoredales,  are  shown  to  be  entirely 
distinct;  and  the  Yoredale  Series  of  Wensleydale  is  shown,  on 
'palsdontologioal  and  stratigraphical  grounds,  to  be  the  equivalent  of 
the  upper  part  of  the  massif  of  limestone. 

Hie  migration  of  certain  families  of  fossils  from  the  north  to  the 
south,  brought  about  by  a  slow  change  of  environment,  is  shown  by 
tables,  and  lines  called  '  isodiectic  lines '  are  drawn  to  represent  this 
distribution.  It  is  shown  that  the  Nuculidsd  are  found  in  the  lowest 
•Carboniferous  beds  in  Scotland,  but  come  in  at  successively  higher 
•liorizons  as  the  beds  range  southward. 
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These  facts  and  oomparative  thioknessee  are  the  basis  of  an 
argument  as  to  the  local  distribution  of  land  and  water  in 
Carboniferous  times ;  and  it  is  shown  that  the  peculiar  change  in^ 
type  which  Carboniferous  rocks  undergo  in  passing  from  north  to- 
south  is  due  entirely  to  physiographical  conditions,  and  not  to  any 
theoretical  assumption  of  contemporaneous  faulting.  It  is  shown, 
moreover,  that  the  Craven  Faults  per  se  have  had  nothing  to  do^ 
with  this  change  of  type.  The  correlation  of  the  limestone  knolls 
of  Craven  with  the  Pendleside  Limestone  is  demonstrated  to  be  no^ 
longer  tenable. 
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MR.  A.  R.  HUNT  ON  THE  AGE  OF  THE  EARTH  AND  THE 
SODIUM  OF  THE  SEA. 

Sm, — In  the  volume  of  this  Magazine  for  1900  I  reviewed 
Professor  Joly's  theory,  that  the  age  of  the  earth  can  be  calculated 
by  comparing  the  amount  of  sodium  now  in  the  sea  with  the  time 
rate  at  which  rivers  are  at  present  conveying  sodium  down.  Among 
other  matters  I  suggested  that  the  salinity  of  rivers  might  be  partly 
due  to  sodium  derived  from  aedimeniary  rooks,  which  had  formerly 
come  from  the  sea.  This  would  of  course  lengthen  the  computed 
age  of  the  earth. 

Mr.  Hunt  now  suggests  that  ''sea-water  reached  the  heated  rocks/^ 
and  he  appears  to  consider  that  much  of  the  sodium,  which  the- 
Dartmoor  granites  (at  any  rate)  contain,  was  derived  from  the  sea. 

This  is  turning  Professor  Joly's  theory  round  about  Professor 
Joly  derives  the  salts  of  the  sea  from  the  igneous  rocks.  Mr.  Hunt 
derives  the  salts  of  the  igneous  rocks  from  the  sea. 

My  object  in  this  letter  is  to  direct  attention  to  the  difficulty  of 
explaining  the  undoubted  abundance  of  water,  which  is  extravasated 
by  volcanoes,  to  absorption  finom  the  ocean  or  from  any  other 
external  source.  I  have  gone  into  my  objections  to  this  view 
(whatever  they  may  be  worth)  in  my  ''Physics  of  the  Earth's 
Crust"  (2nd  ed.,  p.  144),  where  I  have,  in  a  note,  given  an  account 
of  Daubr6e'8  experiment,  to  which  Mr.  Hunt  refers. 

Since,  alas  I  my  two  friends  have  passed  away,  it  may  be 
permissible  to  say,  that  I  was  on  a  visit  to  my  dear  friend  Pro- 
fessor Prestwich  shortly  after  he  had  published  his  paper  on  "  The 
Agency  of  Water  in  Volcanic  Eruptions,"  and  Professor  John  Morris 
was  my  fellow-guest  We  two  were  talking  about  Prestwich's- 
theory  that  the  volcanic  water  was  derived  ah  extra,  and  that 
water  could  enter  into  combination  with  molten  rock.  Morris  said, 
•*  Water  would  not  be  so  foolish  I"  This  was  not  a  very  scientific 
reason,  but  it  was  putting  his  own  idea  pretty  strongly.  He  also 
told  me  that  he  had  tried  to  dissuade  Prestwich  from  publishing  hi» 
views  of  volcanic  energy,  but  without  success. 

My  own  opinion  is  that  water  has  been  a  constituent  of  the  liquid 
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interior  of  the  earth  from  the  very  first,  and  that  it  simply  makes- 
its  escape  at  a  tremendous  pressure  whenever  a  way  is  opened  for  it 
through  the  solid  crust.  0.  Fishbb. 

Hablton. 
March  5,  1901. 

NAMES  FOR  BRITISH  ICE-SHEETS. 

So, — ^May  I  suggest  to  Mr.  Lamplugh  that  to  propose  names  for 
British  Ice-sheets  before  proving  that  they  have  existed  is  rather 
like  counting  chickens  before  they  are  hatched.  At  present  wo 
know  neither  the  ancient  extent  of  land-ice  in  our  Island,  nor  in  all 
oases  what  are  indisputable  traces  of  it.  Where  faith  is  strong  this, 
no  doubt,  seems  a  detail,  but  to  sceptics  it  appears  important. 

If,  however,  we  admit  that  there  was  an  East  British  Ice-sheet, 
"  maintained  and  augmented  principally  by  the  snowfall  upon  its 
own  surface/'  how  are  we  to  explain  the  presence  of  Scandinavian 
rooks  at  Cromer  and  other  places  on  our  East  Coast  ?  Of  that  ice- 
sheet  the  Dogger  Bank  would  be  centre  and  highest  part.  This- 
tract  is  crossed  (a  little  north  of  its  centre)  by  a  line  drawn  from 
Flamborough  Head  to  the  Naze  of  Norway.  Over  an  area  measuring, 
about  70  miles  from  east  to  west,  and  12  miles  in  the  opposite 
direction,  it  rises  above  the  ten-fathom  contour-line  (the  minimum 
depth  being  7  fathoms).  The  twenty -fathom  line  is  very  near  to 
the  other  one  at  the  south-west  end,  but  then  recedes  from  it  so  a» 
to  enclose  a  long  bank  which  stretches  in  a  north-easterly  direction, 
almost  half-way  across  the  North  Sea,  and  the  thirty-fathom  line  on. 
the  northern  side  extends  from  the  Yorkshire  coast  to  Jutland. 
North  and  north-west  of  this  limit  are  soundings  down  to  49  fathoms,, 
and  those  over  40  fathoms  are  rather  common.  In  the  great  channel 
off  the  south-west  of  Norway  they  are  often  over  200  fathoms  (for 
particulars  see  this  Magazine,  1899,  p.  282).  Thus  the  ioe  of  the 
Dogger-fjeld  (would  not  that  have  been  a  better  name  ? )  must  have 
descended  from  its  central  plateau  down  slopes  about  250  feet  in 
vertical  height  on  the  north  and  north-west,  and  about  half  that 
amount  down  those  from  the  south-west  to  the  south-east.  This  mass- 
of  ice  flowing  outwards  towards  nearly  all  points  of  the  compass, 
and  buttressed  on  the  western  side  by  the  Caledonian  ice,  which  it 
would  try  to  '  shoulder '  in  that  direction,  would  surely  defend  our 
shores  from  the  inroads  of  the  Scandinavian  ice-sheet,  however 
nimbly  it  might  climb  the  steep  slope  of  the  above-mentioned 
channel.  Is  it,  then,  a  mistake  to  identify  Scandinavian  rooks  in 
East  Anglia ;  for  if  the  Dogger-fjeld  existed  they  could  not  have 
travelled  on  floating  ice  ?  T.  G.  Bonkky. 

CONCRETIONS  OF  CALCITE  IN  MAGNESIAN  LIMESTONE. 
Sib, — The  well-known  globular  concretions  from  the  Magnesian 
Limestone  of  Durham  occur  in  many  collections  under  the  name^ 
of  *  dolomite '  or  '  magnesian  limestone.'  Professor  Garwood,  how- 
ever, effectually  showed  (Gbol.  Mao.,  1891,  p.  436)  that  these 
concretions  are  due  to  the  crystallization  of  (Mdcite  in  a  ground  of 
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magneBian  limestone,  and  that  the  5  to  15  per  cent  of  magneaium 
•carbonate  contained  in  them  is  a  mere  impurity,  when  compared 
with  the  30  per  cent  in  the  matrix  from  which  they  have  arisen. 
It  is  interesting  to  come  across  a  similar  statement  made  in 
1817,  though  we  waited  long  for  Professor  Garwood's  numerical 
proofs,  and  for  a  complete  account  of  the  mode  of  origin  of  the 
concretions.  Mr.  N.  J.  Winch  (Transactions  of  the  Geological 
Society  of  London,  vol.  iv,  p.  9)  remarks  that  "  botryoidal  masses  of 
fetid  limestone  devoid  of  magnesia,  in  balls  varying  from  the  size 
of  a  pea  to  two  feet  in  diameter,  imbedded  in  a  soft,  marly, 
magnesian  limestone,  are  found  at  Hartlepool,  etc."  Winch  had 
given  a  specimen  some  twelve  years  before  to  James  Sowerby 
(''British  Miueralogy,"  table  38),  and  the  passage  above  quoted 
was  incorporated  by  Conybeare  &  Phillips  in  their  *'  Geology  of 
England  and  Wales,"  1822,  p.  306.  Grinvillb  A.  J.  Colb. 

Dublin,  March  1,  1901. 

SUCCESSION  OF  STRATA  IN  THE  YOREDALE  ROCKS. 
Sib, — Mr.  Dakyns  is  right  in  his  criticism  on  the  succession 
I  quoted  for  the  Yoredale  strata  of  the  Yore  Valley.    It  is  true  that 
the  sequence,  though  there  are  many  exceptions,  is  usually — 
Shale. 
Limestone. 
Sandstone. 
But  this  may  be  put  in  another  way.    The  series  as  a  whole  is 
made  up  of  repetitions  of  this  threefold  cycle,  and  may  with  equal 
<M)rrectnes8  be  regarded  as  consisting  of  repetitions  of  the  cycle — 
Sandstone. 
Shale. 
Limestone. 
We  have,  therefore,  the  same  evidence  of  intermittent  and  more  or 
less  rhythmic  sedimentation  which  I  claimed  for  the  Coal-measures. 
But  there  is  this  differenoe,  that  whereas  in  the  Yoredales  the  oyde 
oommenoes  with  inactivity    (limestone)    and    proceeds    to    rapid 
sedimentation  (sandstone),  in  the  Coal-measures  it  commences  with 
activity  (sandstones  and  conglomerates)  and  proceeds  to  stagDatioQ 
(coal-seams),  the  order  being — 
Coal. 
Shale. 

Sandstone  and  oonglomerate. 
Both  formations  result  from  rapid  sedimentation  over  a  subsiding 
area,  but  whereas  the  Coal-measures  are  essentially  estuarine,  the 
Yoredale  rocks  of  the  type  developed  in  the  Yore  Valley  bear  every 
sigu  of  having  been  laid  down  in  open  sea ;  the  one  was  a  product 
of  the  shallowest  water,  the  other  of  comparatively  deep  water. 
Herein  probably  lies  the  explanation  of  the  reversal  of  order  of 
events. 

I  am  obliged  to  Mr.  Dakyns  for  the  correction. 

A.  Stbahan. 
Mmreh  6,  1901. 
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EVAPORATION  AND  SUBLIMATION. 

Sib, — As  long  ago  as  September,  1900, 1  observe  tbat  the  writer 
who  reviewed  my  book  on  **  The  Scientific  Study  of  Scenery  "  in 
this  Magazine  oriticizes  my  use  of  the  term  sublimation. 

He  says :  "  In  alluding  to  the  evaporation  of  snow  and  camphor 
the  process  is  referred  to  as  '  sublimation.'  In  Watt's  Dictionary 
of  Cnemistry  sublimate  is  defined  as  '  a  body  obtained  in  the  solid 
state  by  the  cooling  of  its  vapour.' " 

Nevertheless,  I  believe  that  I  use  the  term  correctly,  and  ii> 
support  of  this  assertion  let  me  further  quote  Watt's  Dictionary 
(1894  edition,  vol.  iv,  p.  524).  Sublimation  is  there  defined  as 
"  The  passage  of  a  solid  body,  when  heated,  to  the  state  of  vapour 
without  melting." 

I  take  this  opportunity  of  thanking  the  writer  for  the  appreciative- 
notice,  which  contains  many  su^estions  which  I  should  gladly 
utilize,  if  a  second  edition  of  my  book  should  be  called  for. 

J.  E.  Mabb. 

Cambridob. 


MALAY  PENINSULA  LIMESTONE. 

Sib, — Since  the  publication  of  my  paper  in  last  month'fr 
Okologioal  Maoazimb,^  where  I  compiled  some  notes  on  the 
geology  of  the  Malay  Peninsula,  and  took  occasion  to  remark  that 
in  the  absence  of  fossils  it  was  impossible  to  correlate  the  limestones 
of  that  country  with  any  definite  horizon,  some  further  samples  of 
the  same  rock  have  been  submitted  to  my  notice  by  Dr.  Henry 
Woodward,  F.R.S. 

This  new  material  was  collected  a  few  years  back  by  the  late 
Mr.  H.  M.  Becher,  at  Gua  Sai,  Penjom,  Pahang,  and  is  of  precisely 
similar  appearance  to  the  paler-coloured  limestones  obtained  by 
Mr.  R.  M.  W.  Swan  from  the  River  Tui  District,  which  he  found 
associated  with  those  of  a  dark  variety  referred  to  in  my  paper. 

The  'Becher'  specimens  are  impoi*tant  from  the  fact  that  they 
exhibit  organic  structures,  a  feature  pointed  out  by  Dr.  G.  J.  Hinde, 
F.R.S.,  on  a  manuscript  label  dated  January  7th,  1899,  who  thus 
describes  them  : — "Very  fine-grained  bluish  limestones.  The  only 
organisms  recognizable  are  Orinoidal  stem-joints.  There  are  traces 
of  other  organisms  with  which  the  rock  seems  to  have  been  filled 
originally,  but  they  are  now  nearly  obliterated  and  are  not 
determinable." 

This  report,  however,  leaves  us  still  without  a  clue  as  to  the  age 
of  the  limestone,  and  we  shall  require  more  accurate  palasontological 
evidence  before  that  desirable  point  can  be  permanently  settled.  In 
the  meantime  mention  may  be  made  of  the  presence  of  an  obscure 
Orinoidal  fragment  on  one  of  the  weathered  surfaces  of  this  rock, 

'  **  Notes  on  Literature  bearing  upon  the  Geology  of  the  Malay  Peninsula ;  with 
an  aooonnt  of  a  Neolithic  Implement  from  that  country** :  Geol.  Mao.,  1901,. 
pp.  128-134. 
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exhibiting  a  portion  of  the  stem  with  fragmentary  brachial 
extensions,  the  whole  organism  covering  a  space  of  nearly  three 
inches  in  length.  My  colleague.  Dr.  F.  A.  Bather,  has  kindly 
examined  the  specimen,  but  without  any  satisfactory  result,  on 
account  of  its  poor  preservation;  he  is,  however,  inclined  to  regard  it 
as  of  Palsdozoic  age.  Further  efforts  should  now  be  made  to  obtain 
more  suitable  fossils  from  these  interesting  limestones  of  the  Malay 
Peninsula,  so  that  their  geological  age  may  be  finally  determined. 

B.  BULLBN  NkWTON. 

British  Musbum  (Natu&al  History). 
March  19,  1901. 
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DR.   GEORGE    MERCER    DAWSON, 
O.M.G.,  LL.D.,  Assoc.  R.S.M.,  F.R.S.,  F.G.S.,  F.B.S.  Canada, 

DiBBOTOR  OF  THB   OsOLOGIOAL   SUBVBY  OF  CaNADA. 
Born  August  2,  1849.  Dibd  March  2,  1901. 

This  eminent  geologist,  whose  portrait  and  life  we  published  in 
the  Geological  Magazine  for  May,  1897,  pp.  193-195,  died  at 
Ottawa,  after  an  illness  of  only  two  days,  at  the  early  age  of 
61  years,  sincerely  regretted  by  a  large  oirde  of  friends. 

Dr.  Dawson  was  the  son  of  Sir  William  Dawson,  F.B.S.,  for  many 
years  Principal  of  MoGill  College,  Montreal ;  and  was,  since  1875, 
one  of  the  staff  of  the  Oeologioal  Survey  of  Canada,  of  which  he 
speedily  became  Assistant-Director,  and  in  1894  Director.  He  was 
educated  at  McGill  College,  Montreal,  and  at  the  Boyal  School  of 
Mines,  London.  Here  he  obtained  the  Duke  of  ComwalFs  Scholar- 
ship, and  the  Edward  Forbes  medal  and  prize.  He  was,  in  1873, 
on  the  North  American  Boundary  Commission.  On  the  (^logical 
Survey  he  did  much  personal  work  in  British  Columbia  and  the 
North- West  Territory,  covering  in  his  mapping  many  thousand  miles 
of  area.  Dr.  Dawson  was  one  of  the  Commissioners  for  the  Behring 
Sea  Arbitration,  spending  the  Summer  of  1892  inquiring  into  the 
conditions  and  facts  of  seal-life,  and  his  services  were  of  the  greatest 
value.  He  received  the  thanks  of  the  Govemor-(}eneral-in-Council, 
and  was  made  a  C.M.G.  He  received  the  Bigsby  Gold  Medal  from 
the  Geological  Society  in  1891,  and  in  1890  the  degree  of  LL.D. 
from  Queen's  University  and  from  McGill  University  in  1891.  In 
1897  he  was  awarded  the  Gold  Medal  of  the  Boyid  (}e(^^phical 
Society  for  his  work  as  a  whole. 

Canada  may  well  be  proud  of  Dr.  G.  M.  Dawson  as  one  of  her 
most  brilliant  men  of  science,  whose  loss  she  will  long  deplore,  nor 
will  he  fail  to  be  remembered  in  this  country  also  as  a  son  of  that 
great  Motherland  whose  name  can  never  die. 
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CHRISTIAN    FREDERIK    LUTKEN. 

BO&N  AT  SOR^,  OCTOBBB  4,  1827.   DiBD  AT  CoPBNHAOBK,  FbBRUAKY  6,  1901. 

Pbofxssor  Ltttkbn,  whose  death,  some  two  years  after  his 
resignation  of  the  Directorship  of  the  Zoological  Masenm  at 
Copenhagen,  remoTes  another  veteran  from  the  ranks  of  the  admirably 
trained  and  hard-working  Scandinavian  naturalists,  was  best  known 
as  a  deecriber  and  classifier  of  living  animals.  But  while,  in 
common  with  the  leaders  of  paladontology,  he  insisted  that  ''only 
from  the  organization  of  the  Uving  form  can  we  learn  to  understand 
that  of  the  extinct,"  so  also  he  was  at  one  with  the  more  eminent 
.zoologists  in  recognizing  that  only  by  a  study  of  extinct  forms  can 
we  perceive  the  true  relationships  of  the  living.  And  it  is  because 
he  put  his  creed  into  practice  for  over  half  a  century  that  the  close 
of  his  labours  calls  for  the  affectionate  regret  of  geologists.  That 
a  notice  should  appear  in  this  Magazine  is  moreover  specially 
appropriate,  since  it  was  to  it  that  he  turned  on  the  few  occasions 
when  he  desired  to  address  English  readers  in  their  own  language. 
We  allude  to  his  notice  of  Loven's  memoir  on  Zeslda  mirabilia 
<Gbol.  Mao.,  1868,  p.  179),  his  notes  on  the  Ophiuridee  (1870,  p.  79), 
and  his  criticism  of  Professor  Kner's  writings  on  the  Ganoids  and 
on  XenaeanthuB  (1868,  pp.  376  and  429).  His  own  great  memoir 
on  the  classification  of  the  Ganoids  appeared  in  Palaontographiea 
(1873-75).  From  his  n»any  allusions  to  fossil  Echinoderms  we 
may  select  as  early  evidence  of  his  penetration  the  constant 
opposition  that  he  raised  to  the  idea  that  the  anus  of  the  stalked 
echinoderms  was  a  proboscis  or  mouth,  and  his  severe  criticism 
(oddly  overlooked  by  later  writers)  of  the  division  of  the  Grinoids 
into  a  PalsBozoic  and  a  Neozoic  group.  As  a  systematist  the 
characteristics  of  his  work  were  thoroughness,  accuracy,  and  caution : 
qualities  less  showy  than  lasting.  He  was  not  a  brilliant  speculator 
on  the  phylogeny  of  unknown  forms,  but  an  advocate  of,  and  an 
adept  in,  the  synthetic  method :  **  1  mean  that  method  which,  giving 
np  all  preconceived  ideas,  patiently  puts  genus  to  genus,  until 
families  are  formed,  and  family  to  family  after  their  natural  affinities, 
until  the  whole  systematic  building  stands  before  us.*'  It  is  work 
of  this  nature  that  will  stand,  that  will  vindicate  the  claims  of 
paladontology  to  be  heard,  that  will  justify  systematic  zoology  as 
a  serious  attempt  to  solve  the  problems  of  life,  and  that  will  keep 
science  itself  from  the  ridicule  of  the  unlearned.  We  can  ill  spare 
such  workers ;  but  Liitken  was  a  leader  and  a  teacher  as  well  as 
a  student,  and  his  monument  is  to  be  found  not  only  in  the  books 
that  he  has  left,  nor  even  in  the  rich  and  well-arranged  museum  of 
Copenhagen,  but  also  in  the  school  of  active  and  earnest  zoologists 
that  will  long  do  honour  to  Denmark.  F.  A.  6. 


ROBERT     CRAIG. 
Ws  regret  to  record  the  death  at  Glengamock,  on  the  14th 
January,  of  Bobert  Craig,  in  the  80th  year  of  his  age.    Mr.  Craig 
took  an  active  interest  in  geology,  and  from   his  occupation  as 
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a  quarrymaster  and  burner  of  lime  he  had  exceptional  opportanities- 
for  the  pursuit  of  the  acienoe.  During  the  past  forty  years  he 
contributed  many  papers  to  the  Transactions  of  the  Glasgow 
Geological  Society,  more  especially  on  the  Drift  deposits  and 
Oarbom£erou8  rocks.  In  his  own  neighbourhood,  from  his  literary 
and  scientific  tastes,  he  was  known  as  ''  The  Sage  of  Beith." 
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Geological  Subvby  op  thk  United  Kingdom.— We  have^ 
already  notified  the  appointment  of  Mr.  J.  J.  H.  Teall  as  Director 
in  place  of  Sir  Archibald  Geikie,  Direeior-Qenerah  The  further 
appointments  are  two  Assistant-Direetors  :  Mr.  H.  B.  Woodward 
(for  England  and  Wales)  and  Mr.  John  Home  (for  Scotland). 
iHstrici  Geologists  :  Mr.  0.  Fox  Strangways,  Mr.  Clement  Reid,  and 
Mr.  Aubrey  Strahan  (for  England  and  Wales) ;  Mr.  B.  N.  Peach 
and  Mr.  W.  Gunn  (for  Scotland) ;  and  Mr.  G.  W.  Lamplugh  (for 
Ireland). 

< Blood  Rain'  in  Sicily. — A  telegram  despatched  from  Palermo- 
yesterday  stated  that  since  the  previous  night  a  dense  lurid  cloud 
had  hung  over  the  town.  The  sky  was  of  a  sinister  blood-red  hue 
and  a  strong  south  wind  was  blowing,  and  the  drops  of  rain  which 
fell  were  like  blood.  The  phenomenon,  which  is  known  locally  by 
the  name  of  '  blood  rain,'  is  attributed  to  dust  from  the  Sahara 
Desert  having  been  carried  there  by  the  wind.  Similar  atmospheric 
conditions  are  reported  ft'om  Rome.  The  sky  had  a  yellow  tint 
yesterday,  and  a  violent  sirocco  swept  over  the  city.  At  Naples^ 
showers  of  sand  fell,  and  the  phenomenon  of  the  '  fata  Morgana  '^ 
was  observed. — Morning  Post,  March  11,  1901. 

Vienna,  March  12. — Red  and  yellow  snow  has  fallen  in  many 
parts  of  Austria,  including  districts  so  far  north  as  Prague.  The 
coloured  snow  lies  seversd  inches  deep,  and  makes  a  weird  and 
unearthly  effect  Scientists  state  that  southern  winds  of  extra- 
ordinary force  have  carried  the  red  and  yellow  sand  of  the  Sahara 
across  the  Mediterranean  to  Southern  Europe  in  such  an  enormous 
quantity  that  even  here  in  Austria  the  colour  of  the  snow  has- 
thereby  been  changed. — Morning  Leader ,  March  13,  1901. 

Reptilian  Remains  from  Patagonia. — At  the  meeting  of  the 
Zoological  Society  on  March  6th,  Dr.  A.  Smith  Woodward,  F.L.S., 
F.Z.S.,  F.G.S.,  read  a  detailed  description  of  the  remains  of  Miolania 
from  Patagonia,  which  were  briefly  noticed  by  Dr.  Moreno  in  the 
Geological  Magazine  for  September,  1899.  He  regarded  them 
as  indicating  a  Chelonian  only  specifically  distinct  from  the  typical 
Miolania  of  the  Australian  region.  In  the  same  formation  in 
Patagonia  were  found  the  skeleton  of  a  new  extinct  snake  and  the 
jaws  of  a  large  carnivorous  Dinosaur,  which  were  also  described. 
The  discovery  of  Miolania  in  South  America  seemed  to  favour  the 
theory  of  a  former  Antarctic  continent ;  but  it  should  be  remembered 
that  in  late  Secondary  and  early  Tertiary  times  the  Pleurodiran 
Chelonia  were  almost  cosmopolitan. 
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I. — Sand-blast  of  the  Shobb  ai9d  its  Erosive  Effect  on  Wood. 
By  T.  Mellard  Reade,  C.E.,  F.G.S.,  F.R.I.BiA. 

.  :  .'  '         .    [.  ■.'  (PLATE'XO  '  .  I    W    ,  ■  '[\  \ 

THE  effect  of  the  n^tun^  sand-blast  of  the  desert  in  eroding  soft 
and  hard  rook  has  long  been  known/ and  attracted  «inoch 
attention,  but  I  caiiAot  qedl  to  mind  any  aoobtint  of  the  efifoct  of 
blowing  sand  impinging  upon  wood. 

From  seven  to  ^ight  years  ago  a  boat-house  was  built  by  the 
BluD[dellsands  Sailing  Club  on  the  sandhills  at  the  ^^tmouth,  about 
8  or  9  feet  above  Mgh-water  mark  of  spring  tides.  Afterwards,  for 
bette!r  access  thereto,  a  sloped  road  was  built  up  of  timbers  ftom  the 
shoi^  level,  leading  to  a  level  gangway  about  10  ifeet  above  the  shore, 
also  roa^e  of  timbers.  This  gangway  was  6<  feet  wide  and  12  feet 
long,  with  close4^barded  sfdes  about  2  feet  high  formed  of  roughly 
sawn  pine  lK)ardp  and  split-oak  staves.  This  formed"  a  trough  having 
a  direciion  about  West-ndrth-^est,  and  really  became  a  wind-gap. 

The  effect  of  the  sand-blast  on  the  southern  face  of  the  northern 
side  has  been  most  striking  and  curious.  The  boeit-house  has  > just 
been  tak^n  down  and  ire-erected  at  a  lower  level,  i*nd  mjr  soils, 
memlbers  of  the  dlub,  have  brought  me  a  sample  of  the  pin^  boarding 
and  of  the  spKt-oak  staves  from  the  north  |&id6  of  the  old  <  gangway. 
These  are  reproduoed  in  the  Plate  from  photographs  by  Hartley SroS., 
Waterloo.  The  general  effect  of  the  sand-blast  h^  been  to  remove 
from  one-eighth  to  three-sixteenths  of  an  inch*  Of  wooA'oVer  a  large 
part  of  the  surlace  of' the  pine  board  (PL  X,'  Pig.  l),'aiid  to  develop 
the  structure  of  t^e'  wood  in  a  ridmari^able  manner.  Th'e  grain  being 
very  irregular,  the  differential  effect  of  the  impinging  sand-grains 
on  the  harder  and  softer  portions  is  most  instructive. 

It  will  be  observed  that  the  large  hard  knot  stands  out  above  the 
general  surface  of  the  wood,  and  that  the  grain  around  the  knot  is 
picked  out  in  a  surprising  manner.  The  knot  itself  is  carved  and 
polished.     Perhaps  the  most  instructive  feature  is  the  effect  of  the 
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three  nails  in  preserving  the  wood  in  the  rear  or  lee  of  the  nails,  the 
course  of  the  sand-blast  haying  been  from  left  to  right.  These  are 
wire  nails  that  fastened  the  board  horizontally  to  the  upright  posts. 
The  heads  of  these  nails  mark  the  original  sawn  surface  of  the  board, 
and  indicate  well  the  amount  of  the  general  denudation  the  board 
has  undergone.  In  the  year  1875  I  contributed  a  short  article  to 
this  Magazine  on  ''  Wind  Denudation,"  describing  little  ridges  of 
sand  on  the  shore  left  on  the  leeside  of  fragments  of  shells,  or 
sometimes  whole  shells,  which  have  protected  the  sand  from  the 
general  denudation  which  always  takes  place  in  the  upper  moist 

r^rt  of  the  shore  during  a  strong  breeze.  These  litUe  ridges 
ventured  to  call  '  eolites.'  The  wood  ridges  left  in  the  rear  of 
the  nail  heads  are  the  counterparts  of  these  eolites,  but  they  are 
actually  carved  out  of  the  board  by  the  mechanical  battering  of  the 
sand-grains,  whereas  the  eolites  are  due  to  the  wind  first  drying 
the  surface  of  the  sand  and  then  blowing  the  grains  away,  except 
where  protected  by  the  shell  fragments. 

Another  interesting  feature  is  the  rope-like  appearance  caused  by 
the  truncation  of  bundles  of  fibres,  shown  by  the  minute  transverse 
markings  on  the  photograph.  This  happens  only  where  the  grain  is 
not  parallel  to  the  surface  of  the  wood. 

llie  effect  on  the  oak  staves  is  equally  characteristic.  Here,  in 
consequence  of  the  regularity  and  parallelism  of  the  grain,  grooves 
have  been  cut  by  the  sand  with  the  precision  of  a  planing  machine 
(Pig.  2). 

Since  the  preceding  was  written  another  pine  board  has  been 
brought  to  me.  It  measures  2ft  Gin.  x  6| in.  The  timber  is 
rather  harder  than  in  the  one  already  described,  and  the  grain  more 
regular.  The  sand  has  cut  grooves  of  segmental  section  firom  three- 
sixteenths  to  half  an  inch  wide,  deeply  undercut  on  one  side,  the 
ridges  between  the  grooves  being  like  a  knife  edge.  There  are 
hardly  any  of  the  transverse  markings  to  be  seen,  tiie  grain  being 
parallel  to  the  surface,  and  the  whole  has  a  smooth  polished  surface 
to  the  touch. 

It  is  interesting  to  find  that  the  continual  attrition  of  these 
quartzose  sand-grains,  many  of  them  much  rounded,  in  time  cuts 
deeply  into  the  wood  and  develops  the  structure  by  differential 
action  on  the  harder  and  softer  parts  it  operates  upon,  and  also 
polishes  the  surface.  The  time  the  wood  has  been  exposed  to  the 
blast  is  about  seven  years.  What  the  velocity  of  the  grains  was  in 
a  high  wind  I  have  no  means  of  judging,  but  no  doubt  the  air 
currents  were  intensified  in  this  wind-gap,  and  it  must  not  be  taken 
as  representative  of  the  whole  shore. 

EXPLANATION   OP  PLATE  X. 

Fig.  1. — Portion  of  a  pine  board,  1  ft.  1  in.  x  5  in.,  eroded  by  sand-blast  of  the  shore. 
Fro.  2.— Portion  of  a  split-oak  staye,  5j^in.  x  2}  in.,    „  „  „ 
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II.  —  Note    on    Gbaptolitis    fkom    Pebu. 
By  E.  T.  Nbwton,  F.B.S.,  F.G.S.,  ete. 

MB.  HERBERT  J.  JESSOP,  who  has  recently  returned  from 
a  journey  in  Eastern  Peru,  kindly  plaoed  in  my  hands,  for 
examination,  some  specimens  of  graptolites  which  he  had  obtained 
on  the  Riyer  Macho,  one  of  the  tributaries  of  the  Inambari,  near  the 
celebrated  mountain  Capao  Oreo,  or  Monte  Bello,  in  the  province  of 
Carabaya,  Peru  (lat  13^  4(y  S. ;  long.  70°  KX  W.).  The  locality  is 
situated  on  the  north-east  of  the  main  watershed,  and  the  rivers  flow 
eventually  into  the  Amazon.  The  difficulties  of  travelling  make  it 
likely  that  a  long  time  will  elapse  before  other  specimens  are 
forthcoming  from  this  locality ;  it  seems  desirable,  thereforei  that 
some  account  of  these  should  be  published. 


k 


I 

i 

Fio.  2. 


Fio.  1. 

Fio.  1. — Fragment  of  black  shale  with  Diplograptut ;  natural  size ;  Carabaya,  Peru. 

From  a  photograph  kindly  taken  by  Mr.  A.  Strahan. 
Fio.  2. — Specimen  marked  on  Fig.  1 ;  enlarged  U  times.    The  virgula  has  been 

added  from  another  example. 

Mr.  Jessop  tells  me  that  the  pieces  of  black  shale  containing  the 
graptolites  were  portions  of  a  mass  of  rock  about  two  feet  square 
and  one  foot  thick,  which  was  not  found  in  place,  but  loose  upon 
the  ground ;  its  unrolled  and  unweathered  condition  convincing  him 
that  it  could  not  have  travelled  far  from  the  parent  bed.  Similar 
shaly  rocks  are  in  place  near  by,  but  he  was  prevented  from  making 
a  careful  exploration.  The  specimens  obtained  seemed  to  him 
sufficiently  interesting  to  be  brought  home,  notwithstanding  that 
everything  had  to  be  carried  by  the  men  for  many  miles,  the  place 
being  inaccessible  for  horses  or  mules. 
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The  whole  mass  of  shale  seems  to  be  full  of  these  graptolites,  for, 
wherever  split  open,  many  white  examples  are  displayed  upon  the 
surfiaoe  of  the  blaok  shale  (Fig.  1),  all  of  which  are  referable  to  the 
genus  Diplograptus,  and  although  differing  somewhat  in  width  they 
are  so  similar  in  other  respects  that  they  can  hardly  represent  more 
than  one  species.  The  longest  and  most  perfect  specimen  (Fig.  2) 
does  not  exceed  25  mm.  in  length  and  3  mm.  in  width  at  the  widest 
part ;  but  this  example  has  no  projecting  virgula,  such  as  is  seen  on 
other  specimens  extending  perhaps  4  or  5  mm.  beyond  the  thecaa. 
Some  examples  are  a  little  narrower,  while  one  is  as  much  as  5  mm. 
wide.  The  polypary  has  a  small  radicle  and  two  oomua  at  its 
proximal  end,  and  thence  increases  somewhat  rapidly  in  width  for 
about  a  third  of  its  length  and  then  decreases  slightly  and  very 
gradually  to  the  distal  extremity,  from  which,  in  several  specimens, 
a  virgula  extends.  In  one  instance  the  virgula  may  be  traced 
throughout  the  length  of  the  polypary.  The  thecas  diverge  from 
each  side  of  the  axis  at  an  angle  of  rather  less  than  45^ ;  the 
apertural  margin  is  nearly  at  right  angles  with  the  axis,  and  the 
outer  free  margin  is  in  most  cases  slightly  convex;  but  there  is  some 
variation  in  all  these  particulars,  even  in  the  same  polypary.  There 
are  11-13  thecas  in  10  mm.  These  Peruvian  Diplograptids  very 
closely  resemble  the  D.  truncatus  of  Lapworth,^  and  Professor 
Lapworth,  who  saw  the  specimens  for  a  few  minutes,  was  good 
enough  to  point  out  this  near  resemblance.  The  small  differences 
which  may  be  noticed,  namely,  the  distinct  virgula,  the  somewhat 
smaller  thecsd,  and  the  less  oblique  apertural  margin,  as  well 
apparently  as  the  shorter  polypary,  probably  indicate  that  specific 
difference  which  one  is  led  to  expect  from  the  widely  separated 
habitats  of  the  two  forms ;  at  the  same  time  one  hesitates  to  give 
them  a  new  name,  and  would  prefer  to  record  them  as  Diplograptus, 
cf.  truncatus,  Lapw.,  and  as  probably  of  Bala  age. 

Little  is  known  of  the  geology  of  the  immediate  area  from  which 
Mr.  Jessop  obtained  his  graptolites ;  but  David  Forbes,  in  his  paper  on 
"The  Geology  of  Bolivia  and  Southern  Peru,"' not  only  gives  a  large 
area  of  Silurian  rocks  extending  from  the  south-east  to  the  north-west 
border  of  his  map,  which  is  perhaps  within  a  hundred  miles  of  Monte 
Bello,  but  says  that  these  Silurian  strata  extend  as  far  as  Cuzco,  and 
this  would  be  as  far  north  and  well  to  the  west  of  the  district  now 
in  question.  David  Forbes  does  not  appear  to  have  visited  this  area 
himself,  and  the  fossils  collected  further  south,  which  were  described 
by  J.  W.  Salter,  were  said  to  indicate  beds  of  Upper  Silurian  age,  and 
probably  Lower  Silurian  also.  The  fossils  doubtfully  referred  to 
the  Lower  Silurian  certainly  left  much  to  be  desired.  No  graptolites 
were  found,  and  consequently  a  most  important  guide  to  the  age  of 
these  old  rocks  was  wanting. 

D'Orbigny,  during  his  travels  in  Bolivia,^  found  certain  graptolites 
at  Taoopaya,  near  the  Rio  Grand  (lat  19^  S. ;    long.  63°  40'  W.), 

*  Proc.  Belfast  Nat.  Field  Clnb,  ser.  ii,  vol.  i,  pt.  4,  Appendix,  p.  133,  1876-7. 
»  Quart.  Jouni.  Geol.  Soc,  vol.  xvii  (1861),  p.  63. 

*  "  Voyage  dans  1*  Am6rique  M6ridionale  '^:  Palaeont.,  vol.  iv  (1842),  p.  23. 
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which  he  named  Graptolttes  dentatus  ;  but  finding  that  they  had 
two  branches,  united  them  with  Oraptolites  (now  IHdymograptm) 
Murchisoni ;  Orap.  foliaceus  was  likewise  included,  and  as  this  is 
a  Diplograptid  there  must  be  much  doubt  as  to  the  specific  identity 
of  his  Bolivian  forms,  although  the  published  figures  leave  little 
doubt  as  to  their  belonging  to  the  genus  Didymograptus,  and 
consequently  point  to  beds  of  Llandeilo  or  Arenig  age ;  that  is,  if 
we  are  right  in  using  the  zonal  distribution  of  Old  World  Qraptolites 
as  an  index  for  those  of  Central  South  America. 

Both  Cambrian  and  Silurian  fossils  have  been  described  from 
Northern  Argentina  (lat  23^^  and  25^  S.)  by  Professor  Kayser,*  and 
from  Portezuelo  many  examples  of  a  Didymograptus  are  noticed 
which  he  thinks  may  be  the  same  form  as  that  brought  from 
Bolivia  by  D'Orbigny,  thus  again  pointing  to  Llandeilo  or  Arenig 
rocks  a  long  way  to  the  south-east,  and  confirming  the  occurrence 
of  strata  of  that  age  in  the  central  part  of  South  America. 

M.  J.  Balta,  in  his  note  on  *^  Fosiles  de  Carabaya,"  ^  mentions  the 
occurrence  of  graptolites  and  annelid  burrows  at  Huayna  Tacuma, 
Santo  Domingo,  in  the  province  of  Carabaya.  I  am  unable  to  find 
this  locality  on  any  map  I  have  consulted,  but  Mr.  Jessop  tells  me 
there  is  a  Santo  Domingo  a  few  miles  from  where  his  graptolites 
were  found,  and  this  is  probably  the  place  indicated.  M.  Balta  refers 
his  graptolites  to  Diplograptus  palmetia,  Barrande,  and  B.  priatis,  His., 
and  he  remarks  that  only  Lower  Silurian  rocks  have  at  present  been 
observed  in  South  America.  The  genus  Diplograptus,  however,  is  not 
confined  to  Lower  Silurian  (Ordovician)  deposits,  and  if  the  reference 
of  specimens  to  D,  palmem  and  2>.  priatis  be  correct,  then,  while  the 
latter  points  to  beds  of  Bala  age  or  the  uppermost  part  of  the 
Lower  Silurian,  the  former,  I),  palmeua,  indicates  Upper  Silurian 
rocks,  that  is,  strata  of  Llandovery  or  Tarannon  age;  moreover, 
Salter  had  already  in  1861  recognized  Upper  Silurian  fossils  among 
those  brought  over  by  David  Forbes. 

The  Dtplograptua  obtained  by  Mr.  Herbert  J.  Jessop,  whether 
referable  to  2).  truncatua,  Lapw.,  or  to  a  new  but  closely  allied 
species,  may  be  taken  as  indicative  of  beds  near  the  uppermost 
part  of  the  Lower  Silurian. 

So  far  as  we  can  judge  from  the  evidence  of  the  graptolites  now- 
known  to  occur  in  Central  South  America,  there  are  in  that  country 
deposits  of  Arenig  or  Llandeilo  age  with  the  characteristic  Didynuh 
graptua  Murchiaoni  ;  beds  approximately  of  Bala  age,  with  Diplo- 
graptua  priatia  and  Dtplograptua  near  to  truncatua ;  and  possibly  strata 
of  Llandovery  age,  as  indicated  by  D.  palmeua.  It  is  to  be  hoped 
that  before  long  definite  graptolitic  evidence  of  Upper  Silurian 
rocks  will  be  obtained  by  the  discovery  of  some  characteristic 
Monograptids. 

»  ZeiUch.  deutsch.  Geol.  Gesell.,  vol.  xlix  (1897),  p.  274. 
»  Rev.  Cienc,  Lima,  vol.  i  (1898),  p.  7. 
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III. — Thb  Kipt  Vallbys  of  Eastern  Sinai.* 
By  W.  F.  Hume,  D.Sc,  A.R.S.M.,  F.G.S.,  etc. 

N  this  paper  the  author  deals  with  some  of  the  results  obtained 
in  the  course  of  a  survey  of  Eastern  Sinai  during  the  season 
of  1898-99,  his  remarks  being  based  on  a  map  carefully  prepared 
by  his  colleague,  Mr.  H.  G.  Skill,  F.R.6.S.,  and  on  his  own 
topographical  and  geological  observations. 

The  region  specially  under  consideration  is  bounded  on  the  west 
by  the  central  range  of  Sinai,  which  is  familiar  to  every  Indian 
traveller,  forming  as  it  does  a  prominent  rock-wall  to  the  east  of 
the  Oulf  of  Suez.  This  mountain  mass  in  reality  consists  of  a  series 
of  narrow  crests  separated  by  few  but  high  mountain  passes,  and 
oapable  of  being  traversed  only  by  heavily  loaded  camels  at  two 
points,  viz.  at  the  head  of  Wadi  Tarfah  and  Wadi  Hebran.  If  this 
range  be  crossed,  and  Mount  Sinai  (Jebel  Musa)  itself  ascended, 
the  view  to  the  east  is  decidedly  disappointing.  To  the  north-east 
the  long  white  limestone  wall  of  Jebel  Ounnah  runs  more  or  less 
east  and  west,  far  to  the  east  breaking  into  isolated  masses,  and 
ending  in  the  fine  truncated  cone  of  Jebel  £1  Ain.  South  of,  and 
parallel  to  it,  extend  sandy  plains  and  precipitous  plateaux  of 
sandstone,  these  being  succeeded  by  an  apparently  flat  or  undulating 
granite  plateau  (the  rift- valleys  in  it  being  hidden),  out  of  which 
sharp-peaked  mountain  masses  rise  as  isolated  projections  or  long 
ridges.  To  the  south-west  is  a  mountain-wall,  which  hides  all  the 
southern  land  from  view,  and  constitutes  the  most  important  scenic 
feature  in  Eastern  Sinai,  extending  across  the  country  from  the 
Central  Range  to  the  Oulf  of  Akaba.  This  TraMverse  Divide  claims 
special  attention,  not  only  from  the  fact  that  it  separates  two  di£ferent 
types  of  country,  bat  also  because  at  many  points  these  two  regions 
are  at  markedly  different  levels,  there  being  an  abrupt  fall  to  the 
sooth.  The  divide  is  also  crossed  by  five  passes,  which  all  have  this 
remarkable  feature  in  common,  viz. :  thai  the  valleye  they  connect  form 
five  roughly  etraight  lines,  all  parallel  to  one  another  and  to  the  Oulf  of 
Akaba,  that  i$,  running  in  a  direction  eomewhat  west  of  south.  Two 
of  these  are  then  specially  considered  with  a  view  to  showing  that 
they  belong  to  the  category  of  Rift  Valleys,  of  which  the  Gulf  of 
Akaba  is  itself  a  striking  example,  it  being  premised  that  these  are 
not  necessarily  single  depressions,  but  rather  a  series  of  basins  or 
grooves  separated  by  barriers,  which,  though  higher  than  the  main 
valley,  are  of  no  great  altitude  compared  with  the  bordering  hills. 
Thns,  the  Shelala  Um  Raiyig  rift  is  shown  to  have  a  length  of  over 
72  kilometres,  being  almost  perfectly  straight  and  bounded  by  very 
steep  slopes  throughout  the  greater  part  of  its  course. 

The  geological  features  are  still  more  striking,  the  hills  on  the 

*  Abstract  of  a  paper  read  by  permission  of  Sir  William  Garetin,  Under- Secretary 
of  State  for  PnbUc  Works,  and  Captain  H.  G.  Lyons,  R.E.,  Director-General  of 
the  E^Tptian  Surrey  Department,  before  the  International  Geological  Congress 
at  Pans,  August,  1900. 
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two  aides  being  freqnently  of  different  geological  struoture,  this 
contrast  having  often  a  very  marked  effect  upon  the  scenery^  as, 
for  instanoe,  where  the  rift  separates  the  granite  range  of  Ashara 
from  the  felsitio  hills  of  Ferani,  the  former  rising  in  sharply  peaked 
red-ooloored  crests  scored  by  wild  gorges,  while  the  latter  are  of 
dark-green  colour,  and  possess  less  ragged  outlines. 

Still  more  noteworthy  is  the  presence  of  sandstones  in  the  valley 
itself,  having  all  the  typical  characters  of  the  Nubian  Sandstone, 
yet  situated  25  kilometres  south  of  the  main  mass  of  that  formation ; 
similarly,  at  the  head  of  Um  Baiyig,  a  ridge  of  Cenomanian  lime- 
stone, with  sandstone  at  its  base,  block  the  valley,  being  enclosed 
between  two  walls  composed  of  Nubian  Sandstone  resting  on  granite. 
Still  further  to  the  north  the  reverse  is  met  with,  a  granite  ridge 
running  north  and  south,  rising  steeply  through  the  surrounding 
sedimentaries.  The  examination  of  the  relations  of  the  beds  over 
the  area  shows  that  the  actual  displacement  of  strata  in  the 
production  of  the  rift  varies  from  200  to  600  metres  (2,000  feet). 

Tlie  Baib  Melhadge  rift  is  in  some  respects  even  more  striking, 
the  granite  range  extending  far  further  to  the  north  on  its  eastern 
than  on  its  western  border,  which  for  some  distance  is  formed  by 
lower  country,  geologically  a  complex  of  granite,  sandstone,  and 
Cenomanian  limestone.  As  a  result,  in  the  upper  part  of  Wadi 
Baib,  Cretaceous  limestone  forms  low  ridges  dipping  steeply  eastward 
at  the  foot  of  a  granite  range,  which  rises  immediately  above  them 
to  a  height  of  over  300  metres.  Descending  Wadi  Baib  the 
conditions  become  simpler,  the  Nubian  Sandstone  on  the  west  giving 
way  to  granite  cliffs,  and  the  valley  becoming  a  broad  highway 
bounded  on  both  sides  by  precipitous  height  Tet  scattered  all 
along  its  course  are  low  hills  of  white  Nubian  Sandstone,  and  in  one 
place  Cenomanian  limestone,  so  that  the  surprising  result  is  realized, 
that  Cretaceous  fossils  were  collected  from  a  limestone  on  both  sides  of 
which  tower  granite  cliffs  to  a  height  of  over  500  metres  (themselves 
in  places  capped  by  Nubian  Sandstone),  the  extent  of  dislocation  being 
here  at  least  700  metres.  Further  to  the  south,  the  same  rift  gives 
rise  to  a  Coastal  Watershed  Bange  of  some  importance. 

The  other  valleys  are  considered  to  be  rifts  on  account  of  their 

Cllelism  to  those  already  described,  while  they  also  must  have 
.  produced  by  die  same  series  of  movements  which  gave  rise  to 
the  Oulf  of  Akaba. 

Correlation  of  Eastern  Sinai  Bifts  with  those  of  neighbouring 
districts. — In  returning  from  Eastern  Sinai  the  writer  was  struck 
by  the  resemblance  of  the  western  valleys  to  those  already 
described,  the  clefts,  viz.  Nagb  Hawa  and  El  Watiyeh,  which 
break  through  the  granite  hills,  barring  the  Sinai  convent  region 
to  the  north,  being  the  continuations  of  remarkable  lines  of  depression 
which  can  be  traced  far  to  the  north-west.  One  of  these,  which 
includes  the  Convent  Valley  and  runs  to  Wadi  Suwig,  is  especially 
straight  and  well  defined,  but,  in  common  with  the  other  western 
▼alleys,  is  parallel,  not  to  the  Oulf  of  Akaba,  but  to  the  Gulf 
of  Suez. 
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The  oonolusion  arrived  at  is  as  follows : — To  the  west  of  a  north- 
south  line  (praotically  longitude  34^  E.)  extend  a  series  of  N.W.- 
S.E.  rifts,  the  Smz  type,  which  include  not  only  the  Western  Sinai 
valleys  and  the  Gulf  of  Suez,  hut  also  Wadi  Qena,  and  in  all 
likelihood  part  of  the  Nile  Valley  itself;  while  to  the  east  of 
this  line  is  an  Akaha  rift-series,  not  only  giving  rise  to  the  Qulf 
of  Akaba,  but  to  all  the  important  longitudinal  valleys  of  Eastern 
Sinai,  and  probably  producing  effects  on  the  opposite  ooetst  of 
Midian  comparable  for  extent  and  interest  to  those  of  Egypt  itself. 
A  third,  or  transverse^  type  of  dislocation  is  also  considered,  special 
attention  being  called  to  the  regularity  and  parallelism  of  the  valley 
directions.  ThuB,  in  a  space  north  of  the  transverse  divide,  the 
valleys  run  mainly  east-of-north,  west-of-south,  or  north-sMt,  while 
in  other  parts  of  the  eastern  side  of  the  peninsula  the  dominant  trend 
is  slightly  east-of-north,  west-of-south,  or  south-east.  On  the  western 
side,  on  the  contrary,  they  run  north-west  and  south-east,  or  south- 
west. Many  of  these  transverse  valleys  are  in  places  deep  clefts, 
bounded  by  precipitous  rock-walls,  but  the  geological  evidence  of 
rifting  is  wanting.  The  general  conclusion  is  thus  stated,  after 
a  summary  of  the  leading  results: — The  principal  features  of 
Southern  Sinai  have  been  produced  by  dislocation  rather  than 
erosion,  fracture  in  three  directions,  either  directly  proved  or  in 
the  highest  degree  probable,  having  determined  the  general  struc- 
ture of  the  country.  It  is,  in  fact,  the  meeting-point  of  two  great 
longitudinal  rift-systems,  parallel  to  the  Gulf  of  Suez  and  Gulf  of 
Akaba  respectively,  traversed  by  a  third  or  transverse  type,  the 
result  being  the  apparently  intricate  maze  of  sharp  crest  and  deep 
valley  characteristic  of  this  region. 

NoTB. — It  should  be  observed  that  the  Akaba  system  of  rifts  does 
not  extend  far  south  of  lat.  28^  N.,  the  ranges  to  the  east  of  the  Red 
Sea  being  apparently  also  of  the  Suez  type. 


IV. — Gboloqy  of  Eastern  Sinai.* 

By  W.  F.  Hume,  D.Sc,  A.R.S.M.,  F.G.S.,  etc. 

f  PHE  paper  under  consideration  deals  briefly  with  the  geological 
X  features  of  Eastern  Sinai,  and  more  especially  with  the 
characters  of  the  sedimentary  rocks  developed  in  that  region, 
a  short  note  on  the  igneous  rocks  being  also  appended.  The  subject 
is  treated  under  the  following  headings  : — 

I.  Pebble  Gravels,  TraTertine,  etc. 
II.  Coral  Reefa. 

III.  Cretaceous  Limestones  of  Cenomanian  age. 

IV.  Nubian  Sandstone. 
V.  Igneous  Rocks,  etc. 

I.  Pebbls  Gravels.  —  Attention  is  here   again   called  to  the 
remarkable  development  of  high  gravel  terraces  in  the  principal 

1  Read  by  permission  of  tbe  Egyptian  Government  before  the  International 
Geological  Congress,  August,  1900. 
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valleys,  these  being  often  over  twenty  metres  high,  the  gravels  being 
characterized  by  the  fact  that  they  contain  fragments  of  all  shapes 
and  sizes  derived  from  the  surrounding  hills,  largely  embedded  in 
a  sandy  matrix  consisting  of  materials  of  the  same  derivation,  their 
source  being  thus  strictly  local.  While  found  in  almost  M  the 
principal  valleys  and  many  of  the  side  tributaries,  they  are  often 
particularly  well  developed  at  points  where  longitudinal  and  transverse 
depressions  cross  one  another.  Their  probable  age  can  be  but 
determined  on  the  coast  of  the  Gulf  of  Akaba,  where  they  are  found 
to  overlie  raised  coral-reefs  containing  such  typical  Pleistocene  or 
recent  forms  as  Laganum  depresaum  and  Heterocentrotua  mammillatus. 
The  gravels  are  therefore  not  earlier  than  the  Pleistocene,  thus 
agreeing  with  the  conclusion  arrived  at  by  Mr.  Barron  for  those 
on  the  west  coast  of  the  Red  Sea. 

One  of  the  most  striking  features  connected  with  these  gravel 
plateaux  is  the  perfectly  flat  nature  of  their  upper  surfaces,  even 
in  the  upland  wadis,  a  character  which  appears  inconsistent  with 
their  having  been  produced  by  rushing  torrents,  but  in  accordance 
with  the  hypothesis  of  their  formation  in  lakes  or  marine  fjords. 
Unfortunately,  no  shells  having  been  obtained  in  these  beds,  their 
mode  of  origin  still  remains  doubtful. 

Attention  is  also  called  to  several  special  varieties  of  these 
gravels,  the  most  notable  being  : — 

(a)  The  Manganiferom  Pebble  Qraveh  of  Sherm,  in  which  the 
cementing  material  of  the  conglomerate  consists  of  the  hydrous 
black  oxide  of  manganese,  psilomelane,  the  beds  being  in  places 
as  much  as  four  metres  thick,  while  underneath  are  strata  coloured 
red  by  ferruginous  ochre.  These  gravels  are  closely  connected  with 
a  core  of  red  granite,  ending  abruptly  where  the  latter  is  no  longer 
exposed  at  the  surface,  and  only  overlying  it  along  the  edge  where 
it  faces  the  sea.  It  is  of  interest  to  note  that  the  S.S.  **  Pola " 
expedition  found  manganiferous  deposits  forming  on  the  floor  of 
the  Gulf  of  Akaba,  a  ^ot  which  also  suggests  the  marine  origin 
of  the  Sherm  Gravels. 

(b)  Oolitie  Valley  Depoaita. — An  oolitic  rock  is  described  from  the 
neighbourhood  of  Bas  Muhammed,  whose  components  closely  agree 
in  their  characters  with  oolitic  grains  found  by  Professor  Walther 
at  the  mouth  of  Wadi  Debase,  near  Suez,  and  which  he  believed  to 
be  a  marine  deposit  in  alatu  naacendi,  mineral  fragments  being 
enclosed  by  successive  calcareous  layers. 

In  Wadi  Hashubi,  where  these  beds  are  best  developed,  they  are 
composed  of  grains  of  quartz  and  orthoolase,  cemented  by  carbonate 
of  lime,  which  frequently  surrounds  them  in  a  series  of  concentric 
coats,  while  the  strata  themselves  also  show  traces  of  ripple-marking 
and  very  fine  sun-cracks.  In  the  lower  part  of  the  valley  they  are 
often  strongly  current-bedded,  and  contain  lenticular  masses  of 
pebbles,  while  in  its  upper  part  they  give  rise  to  striking  ravines, 
bounded  on  both  sides  by  vertical  walls  of  the  light-coloured  sand- 
rock.  An  interesting  feature,  too,  is  the  height  at  which  these  beds 
are  met  with,  a  typical  example  being  still  present  at  696  metres 
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above  sea-level,  so  that,  if  its  marine  origin  be  admitted,  a  differentul 
movement  of  at  least  2,000  feet  has  taken  plaoe  in  the  southern  end 
of  the  peninsula  during  comparatively  recent  times. 

(e)  OraveU  cemented  by  Caleite. — At  the  mouth  of  Wadi  Nasb, 
near  Dahab,  the  gravels  composed  of  igneous  rocks  are  cemented 
together  by  crystalline  caleite  developed  in  scalenohedra  (dog-tooth 
spar),  while  in  the  hills  themselves  the  igneous  fragments  are 
enclosed  in  well-marked  travertine,  especially  in  the  smaller  water- 
courses. 

The  theoretical  deduotious  which  may  help  to  explain  the  presence 
of  the  various  types  of  gravels  are  thus  summarized : — 

1.  In  8outh-Ea8tern  Sinai  earth-movements  have  produced  three 
high  watershed  lines,  only  one  of  which  is  now  broken  through. 
If  these  were  formed  at  the  same  period  all  the  water  draining  into 
the  basin  enclosed  by  them  would  collect  to  form  narrow  lakes. 
This  would  account  for — 

(a)  The  flat  character  of  the  plateaux. 
(6)  The  absence  of  marine  organisms. 

2.  A  marine  depression,  resulting  in  the  invasion  of  the  sea,  and 
amounting  to  at  least  7CK)  metres,  is  also  suggested,  and  might 
account  for — 

(e)  The  oolitic  beds  of  Wadi  Hashubi. 

(d)  The  manganiferous  gravels  of  Sherm. 

(e)  The  travertines  of  the  higher  valleys. 
(/)  The  calcite-oemented  gravels  of  Nasb. 

This  hypothesis  would  also  account  for  their  flat  character,  and  only 
the  absence  of  marine  organisms  prevents  the  absolute  acceptance  of 
the  view  that  many  of  these  gravels  were  laid  down  beneath  the 
surface  of  the  sea.  Indeed,  it  is  of  interest  to  note  that  Mr.  Beadnell 
has  obtained  these  calcite-oemented  gravels  and  travertines  in  his 
Nile  Valley  lacustrine  series,  thus  affordiug  an  additional  reason  for 
not  arriving  at  hasty  conclusions  regarding  the  marine  origin  of  those 
in  Sinai. 

3.  A  subsequent  elevation,  accompanied  by  earth  -  movements 
resulting  in  the  uptilting  of  the  older  coral-reefs,  brought  the 
formation  of  these  special  features  to  a  close,  the  gravels  subsequently 
formed  being  now  distributed  irregularly  over  the  surface,  in  placea 
overlying  the  oolite  beds,  and  being  interbedded  with  the  younger 
Pleistocene  coral-reefs. 

II.  Coral  Rxsrs  and  Raisbd  Bsaohes. — ^This  portion  of  the 
paper  opens  with  a  correction  of  Professor  Walther*s  statement  that 
the  Gulf  of  Akaba  is  poor  in  coral-reefs,  it  being  pointed  out  by  the 
author  that  his  colleague,  Mr.  Skill,  had  now  practically  mapped 
continuous  reefs  from  Dahab  to  Ras  Muhammed.  This  Fringing  Beef 
and  the  isolated  coral  terraces,  up  to  25  metres  high,  standing  only 
a  little  way  back  from  the  sea-shore  (viz.  the  Lower  ConU  Series), 
are  first  considered,  and  shown  to  be  typically  Pleistocene,  the 
raised  beaches  which  in  many  places  line  the  shore  being  closely 
associated  with  them.  The  Upper  Coral  Limeetone  or  Older  Fossil 
Beef  of  Walther,  though  apparently  overlying  the  lower  one,  is 
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evidently  of  older  date,  the  coral  Laving  undergone  much  alteration 
and  being  now  of  a  dirty  brown  colour,  though  still  in  large  measure 
possessing  the  cavernous  character  of  a  modem  reef.  The  fauna  of 
these  beds  has  not  yet  been  fully  studied,  but  there  is  sufficient 
evidence  to  show  that  we  have  here  a  remarkable  combination  of 
Pectens  of  older  aspect  and  Mediterranean  character,  associated  with 
modem  Erythrsean  species  similar  to  that  revealed  by  a  study  of 
Mr.  Barron's  collection  of  shells  from  the  older  reef  on  the  west 
side  of  the  Eed  Sea  (see  B.  BuUen  Newton,  Geol.  Mag.,  Dec.  IV, 
Yol.  VII,  pp.  500-614  and  644-560,  Nov.-Dec,  1900).  Thus,  in 
one  bed  of  this  series,  Peeten  Vasadi,  Fuchs,  and  Chlamy$  laliaaimaf 
Brocchi,  are  associated  in  the  same  bed  as  Echinus  verructdatus, 
previously  only  recorded  from  Mauritius  (identified  by  Dr.  Qregory). 
South  of  Sherm  there  is  a  tilted  series  of  coral-reefs,  rising  nearly 
200  metres  above  sea-level,  whose  fauna,  although  very  obscure,  is 
probably  very  early  Pleistocene,  judging  from  similar  beds  occurring 
on  the  west  side  of  the  Oulf  of  Suez.  It  is  of  special  interest  to 
note  that  these  older  reefs  are  only  present  at  the  southern  end  of 
theGulfofAkaba. 

After  maintaining  the  general  proposition  that  the  coral-reefs 
here  are  formed  in  a  region  of  elevation,  the  question  is  raised  (on 
the  ground  of  the  observation  made  by  Walther  that  an  apparently 
dead  coral-reef  was  present  6  metres  below  the  present  one), 
whether  this  elevation  is  being  continued,  and  it  is  pointed  out 
that  the  formation  of  bays  at  the  mouths  of  several  of  the  principal 
valleys  suggests  that  a  small  local  depression  is  at  present  taking 
place  in  the  Gulf  of  Akaba,  which  thus  differs  from  neighbouring 
regions.  The  virriter  then  considers  the  series  of  questions  which 
Professor  Walther  set  himself  to  answer  in  his  ''  Die  Korallenriffe 
der  Sinai-halbinsel,"  and  agrees  with  him — (1)  that  a  coral-reef 
(sensu  stricio)  does  not  attain  any  great  thickness ;  (2)  as  to  the 
rdle  which  detrital  materials  play  in  filling  up  a  coral-reef;  and 
(3)  the  passage  of  coral  limestone  to  dolomite  by  the  increase  of 
magnesia.  On  the  other  hand,  he  has  been  unable  to  accept 
Widther*8  view  as  to  the  basis  of  a  coral-reef,  the  latter  laying 
stress  on  the  importance  of  compact  sedimentary  rocks  as  a  base 
compared  with  igneous  rocks,  while  in  the  paper  under  discussion, 
after  pointing  out  that  the  fringing  reef  of  the  Gulf  of  Akaba  is 
largely  founded  on  igneous  or  metamorphic  rock,  the  writer  main- 
tains that  the  deposition  of  a  coral-reef  is  practically  independent  of 
the  nature  of  the  rock  forming  its  base,  red  granite,  diabase,  sand- 
rock,  and  marls  (probably  also  gneiss  and  hornblende  •  granite) 
having  been  noted  as  its  basal  members. 

III.  Ckkomamian  Limbstonis  ;  IV.  Nubian  Sandstone.— This  is 
a  description  of  the  relations  and  characters  of  the  strata  at  the 
northern  end  of  the  area  examined,  limestones  forming  the  main 
escarpment  of  Jebel  Gunnah  overlying  a  highly  characteristic  striped 
series  of  green  marls  containing  such  typical  Cenomanian  fossils 
as  HemtMUr  eubiem,  Pseudodiadema  variolare,  and  Heterodiadema 
liknewn.     These  marls  are  themselves  only  the  surface  capping  of 
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a  thick  series  of  white  sands,  which  are  now  cut  deeply  into  by 
ravines,  giving  rise  to  battlements  and  castellated  ridges,  sometimes 
over  100  metres  high,  forming  one  of  the  most  striking  features  on 
the  road  from  Sinai  to  Akaba.  These  are  based  on  a  series  of 
variously  coloured  ferruginous  sandstones,  forming  broad,  low, 
smooth  plateaux,  themselves  resting  on  a  planed-down  surfeuse 
of  granite.  Unfortunately  these  sands  and  sandstones  are  all 
unfossiliferous. 

The  thicknesses  in  Jebel  Gunnah  are  as  follows  : — 

metres. 
Compact  limestones,  with  few  fossib    ...        100 

Striped  Cenomanian  marls         "20 

Sands  and  sandstones     207 

Total  thickness  ...  327  (over  1 ,000  feet). 
The  most  important  points  noted  are: — (1)  The  Nubian  sandstones 
resting  on  a  planed-down  surface  of  granite ;  (2)  the  Cenomanian 
beds  belong  to  Professor  Zittel's  *  Afrioano  -  Syrian '  series,  which 
since  Mr.  BeadnelFs  discovery  of  these  beds  in  Baharia  Oasis  are 
shown  to  have  an  enormous  extension  north  of  latitude  28^  N., 
while  Dr.  Schweinfurth  has  shown  them  to  be  of  great  thickness  to 
the  north  of  the  Bed  Sea  Hills ;  (3)  the  dip  and  present  position 
of  the  beds  show  that  these  strata  once  extended  over  the  whole  of 
the  present  igneous  mountain  region;  (4)  the  Carboniferous  sand- 
stones of  Western  Sinai  are  apparently  absent. 

V.  Thb  Ignbous  Rocks  of  Eastkbn  Sinai.  —  After  a  brief 
general  description  this  portion  of  the  paper  lays  stress  on  the 
importance  of  dykes  of  every  petrographical  variety,  which,  though 
the  youngest  members  of  the  igneous  series,  never  pass  into  the 
Nubian  Sandstone,  so  that  they  are  at  least  Pre-Cretaceous.  While 
generally  trending  N.N.E.  and  S.S.W.,  there  is  frequently  a  second 
system,  running  practically  at  right  angles  to  this  direction.  Though 
in  general  aspect  resembling  the  mountains  on  the  opposite  side  of 
the  Red  Sea,  the  fundamental  rocks  of  the  central  axis  of  the 
peninsula  are  granitoid  gneiss  and  liomhlende'granitej  not  the  red 
granite  which  forms  many  of  the  main  summits  in  the  Red  Sea 
Hills,  llie  latter  is,  however,  also  widely  distributed  in  the 
peninsula  itself. 

Of  special  interest  are  beds  of  andesite,  tuff,  and  agglomerate, 
which  form  some  of  the  principal  summits,  capping  the  granite  and 
gneiss,  while  in  the  Ferani  range,  etc.,  this  Volcanic  series  is  closely 
associated  with  a  metamorphic  type,  varying  from  spotted  slates  and 
slightly  foliated  mica-schists  to  dark-green  chlorite  and  hornblende- 
schists  pierced  by  innumerable  dykes  of  dolerite.  Some  special 
points  are  dealt  with  in  closing,  such  as  the  development  of  gneisses 
on  a  magnificent  scale  in  Wadi  Um  Gerat,  the  importance  of 
tourmaline-granite  in  some  of  the  southern  summits,  the  presence 
of  spherulitic  felsites  forming  dykes  in  many  parts  of  the  district, 
and  the  probable  absence  of  the  basalt  recorded  near  Sherm  by 
Burckhardt. 
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v.— The  Connbction  of  the  Glacial  Period  with  Oscillation 
OF  THE  Land,  especially  in  Scandinavia. 

By  Dr.  Nils  Olof  Holst.    Translated  by  F.  A.  Bather,  D.Sc. 

[In  a  recently  published  paper  ^  Dr.  N.  0.  Hoist,  of  the  Oeological 
Survey  of  Sweden,  has  given  a  detailed  description  of  the  Post- 
Glaoial  deposits  of  the  Baltic  Sea  and  the  Gulf  of  Bothnia.  The 
paper  is  aocompanied  by  a  map  showing  the  chief  points  of  observation. 
The  determination  of  the  different  horizons  depends  on  (1)  the 
stratigraphy ;  (2)  the  sub-fossil  diatomaceous  flora ;  (3)  the  sub- 
fossil  higher  flora.  The  stratigraphical  evidence  is  in  the  form 
of  numerous  sections,  taken  all  along  the  coast.  The  diatoms  are 
used  chiefly,  but  not  solely,  to  distinguish  the  marine  from  the 
fresh- water  deposits ;  their  determinations,  nearly  3,000  in  number, 
are  due  to  Professor  P.  T.  Cleve  and  his  daughter.  Dr.  Astrid  Cleve. 
The  remains  of  the  higher  plants  have  been  determined  by 
Dr.  Gunnar  Andersson. 

The  fresh-water  {Ancylun)  epoch  and  the  salt-water  {lAtorina) 
epoch  are  divided  by  the  author  as  follows : — 

1.  The  oldest  Ancylus  epoch,  the  deposits  of  which  age  in 
southern  Sweden  partly  are  barren,  partly  contain  Arctic  plants. 

2.  The  middle  Ancylus  epocb,  of  which  the  deposits  contain 
the  remains  of  fir  and  birch.  During  this  epoch  tbe  land-ice  melted 
away  from  the  lower  parts  of  central  Sweden,  and  the  sea  came 
into  the  Baltic,  making  the  water  temporarily  salt. 

3.  The  youngest  Ancylus  epoch,  or  the  older  half  of  the  oak 
epoch. 

4.  The  Litorina  epoch,  or  the  younger  half  of  the  oak  epoch, 
when  the  present  communication  with  the  sea  was  opened,  and  the 
water  of  the  inland  sea,  which  during  the  Ancylus  epochs  had  been 
fresh  as  a  rule,  now  became  salt. 

The  fact  that  the  climate  became  temporarily  colder  in  the  middle 
of  the  Litorina  epoch  is  established  by  finds  of  boreal  diatoms: 
Navieula  semen,  N.  amphibola,  Finnularia  streptoraphe,  etc. 

Wider  interest  attaches  to  the  concluding  pages  (113  et  sqq.),  in 
which  the  author  deals  with  the  question  of  oscillation  of  the  land 
in  Scandinavia  and  with  the  explanation  of  the  Glacial  Period,  on 
which  matters  he  expresses  some  new  views.  We  therefore  offer 
a  full  translation  of  this  part  of  Dr.  Hoist's  memoir.] 

I  HAVE  elsewhere '  shown  that  the  events  immediately  connected 
with  the  melting  of  the  Scandinavian  land-ice  occurred  in  rapid 
succession.  The  same  was  the  case  with  the  oldest  Post-Glacial 
events.  Thus  it  has  been  demonstrated  in  the  present  paper  that 
the  Glacial  marine  clay  and  sand,  deposited  along  the  present  coast 

1  «*Bidrag  till  kannedomen  om  Ostersjons  och  Bottniska  Vikens  postglaciala 
geologi";  Sveriges  Geologiska  Underscikiing,  Afhandl.,  ser.  C,  No.  180.  8vo; 
128  pp.,  1  map ;  1899  (published  March,  1901). 

'  N.  0.  Hoist,  **Har  det  funnits  mer  an  en  istid  i  Sverige?'*:  Sver.  Geol. 
Unders.,  1896,  ser.  C,  No.  161,  see  pp.  36-39.  German  translation  by  W.  Wolff, 
"  Hat  es  in  Schweden  mehr  als  eine  Eiszeit  gegeben  ?'*  pp.  38-42  ;  Berlin,  1899. 
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of  Blekinge  and  of  the  Ealmar  distriot,  were  exposed  by  elevation 
of  the  land  and  were  weathered  before  the  deposition  of  Post-Oladal 
beds  upon  them  had  begun.  It  was  this  elevation  of  the  land  that 
oonneoted  Soania  with  Denmark  and  permitted  the  immigration  of 
the  larger  land  animals.^  It  appears  as  though  not  only  this 
elevation,  but  also  the  suooeeding  depression,  during  which  the 
oldest  Aneylus  beds  were  deposited  in  the  government  districts  of 
Blekinge  and  Kalmar,  took  place  in  the  former  district  before  the 
Arctic  plants  had  found  time  to  immigrate  thither.  But  when  this 
depression  reached  the  neighbourhood  of  Ealmar,  the  Arctic  plants 
were  already  there.  In  Blekinge  and  the  Ealmar  district  there 
followed  an  elevation,  probably  of  less  importance,  and  it  was  not 
until  the  succeeding  depression,  which  marks  the  beginning  of  the 
middle  Aneylus  epoch,  that  southern  Sweden  saw  the  deposition  of 
beds  that  can  be  paralleled  with  the  oldest  Post-Glacial  beds  of 
oentral  Sweden.  But  these  latter  lie  without  break  conformably  on 
the  Glacial  beds.  This  implies  that  southern  Sweden  incurred  two 
elevations  and  their  succeeding  depressions,  in  which  central  Sweden 
had  no  share.  No  explanation  of  these  facts  is  more  natural  than 
that  Bouihem  Sweden,  relieved  of  its  ice-load,  roae^  and  began  to 
oscillate,  while  the  land-ice  contintied  to  keep  central  Sweden  depreeeed. 
In  other  words,  this  means  that  there  was  a  clear  and  definite  con- 
nection on  the  one  hand  between  the  weight  of  the  land-ice  and  the 
depression  of  the  land,  on  the  other  hand  between  the  removal  of 
the  weight  and  the  elevation  of  the  land.  But  this  is  a  result 
pregnant  with  the  most  important  oonsequenoes  for  the  whole  of 
glacial  geology. 

It  is  clear  that  the  depression,  if  dependent  on  the  weight  of  the 
land-ice,  should  yield  evidenoe  of  having  been  greater  the  nearer 
one  comes  to  the  centre  of  the  ice ;  in  other  words,  the  nearer  one 
comes  to  those  regions  where  the  ice-load  was  greatest.  A  glanoe 
at  a  map  indicating  the  extent  of  the  depression  shows  at  once  that 
such  was  the  case.^    While  in  the  south  the  curve  of  depression 

1  That  the  aurochs  already  existed  in  the  province  of  Ealmar  at  the  beginning  of 
the  fir  period,  i.e.  at  the  beginning  of  the  middle  AneyUu  epoch,  has  been  proved 
on  a  preceding  page.  But  the  only  Post-Glacial  elevation  of  importance  that 
occurred  in  southern  Sweden  before  that  period  was  the  very  one  that  immediately 
followed  the  deposition  of  the  Glacial  marine  beds. 

'  It  is  quite  probable  that  this  elevation  during  the  oldest  Post-Glacial  Period  also 
reached  northern  Grermany.  If  such  was  the  case,  may  it  not  in  part  have  been  the 
reason  why  the  Vistula  and  Oder  during  that  period  did  not  flow  into  the  Baltic  but 
had  their  outlet  through  the  Elbe?  Cf.  F.  Wahnschaffe,  '*Die  Ursachen  der 
Oberflachengestaltung  des  norddeutschen  Flachlandes  "  ;  Stuttgart,  1891. 

It  is  also  very  probable  that  the  same  upward  pressure  of  the  land  outside  the 
periphery  of  the  land-ice  took  place  in  North  America,  and  that  this  affords  the 
correct  explanation  of  many  phenomena  which  otherwise  appear  inexplicable. 

'  See  uerard  De  Geer,  '*  Om  Skandinaviens  geografiska  utveckling,*'  2.  Eartor, 
pis.  2,  3,  4 ;  Stockholm,  1896.  The  criticism  must,  however,  be  passed  on  these 
plates  that  they  do  not,  as  they  profess,  give  the  depression-curves  for  different 
epochs  of  the  melting  of  the  ice,  but  that  all  three  show  only  the  same  thing,  namely, 
tne  extent  of  the  depression  at  the  time  of  the  final  melting  of  the  ice.  According  to 
the  plates,  the  depression  during  the  melting  of  the  ice  remained  the  same  for  a  long 
period,  while,  on  the  contrary,  all  the  facts  tend  to  prove  that  throughout  that  tame 
the  extent  of  the  depression  altered  very  rapidly. 


Digitized  by  VjOOQ IC 


Oscillatiotts  of  Land  in  Scandinavia.  207 

that  crosses  the  southern  Baltio,  and  in  the  east  that  whioh  passes 
by  the  sonthem  end  of  Lake  Ladoga,  both  mark  zero,  as  one  proceeds 
from  south  to  north  or  from  east  to  west  the  ourves  mark  higher 
and  higher  numbers,  until  the  greatest  depression  known,  so  far  as 
established  by  tracing  the  highest  Glacial  marine  coastline,  attains 
in  northern  Sweden  no  less  than  280  metres.^  Lately,  indeed,  it  j-i 
has  been  said  that  in  Norrland  the  Glacial  marine  coastline  is  at 
a  lower  level  in  the  interior  than  near  the  present  coast  But  if 
that  b  the  case,  we  may  recall  the  fact  that  the  highest  Glacial 
coastline  was  formed  at  different  times  in  different  places.  It  is 
therefore  quite  possible  that  the  apparently  abnormal  conditions  in 
Norrland  spring  from  nothing  else  than  the  formation  of  the  Glacial 
coastline,  first  at  the  coast  and  afterwards  at  the  interior,  for  the 
simple  reason  that  'Hhe  ice  did  not  melt  from  the  interior  of 
Norrland  until  the  elevation  had  been  in  progress  for  some  time." ' 
The  conditions  in  Norrland  are  therefore  in  no  way  opposed  to 
the  rule  that  increased  depression  and  increased  ice-load  point  in 
the  same  direction. 

Scandinavia  under  its  load  of  land-ice  may  be  compared  to 
a  depressed  spring.  When  the  load  is  removed  the  land  tends  to 
resume  its  originsJ  position.  This  explains  the  great  rapidity  with 
which  the  land  rose  at  the  close  of  the  Ice  Age,  a  rapidity  for  whioh 
in  my  above-quoted  paper  of  1895  I  gave  conclusive  evidence, 
although  I  then  did  not  fully  understand  what  caused  the  rapid  rise 
of  the  land.  But  although  this  demands  a  certain  elasticity  in  the 
crust  of  the  earth,  yet  it  cannot  be  supposed  that  this  elasticity  was 
so  great  as  to  permit  the  land,  pressed  down  as  it  was  during  a  large 
part  of  the  Ice  Age,  to  regain  the  state  of  equilibrium  in  which  it  was 
at  the  beginning  of  the  Ice  Age ;  some  of  the  upward  tension  must 
in  the  meantime  have  been  neutralized.  The  highest  Glacial  marine 
coastline  therefore  marks  only  the  final  result  of  the  depression  at 
the  moment  when  the  ice  melted.  Now  the  position  of  this  line 
no  less  than  280  metres  above  sea-level  is  alone  enough  to  show )  < 
that  the  depression  was  considerable.  But  for  the  reason  just 
mentioned  this  height  indicates  only  a  pari  of  the  Glacial  depression. 
This  line  of  argument  has  alreetdy  led  us  to  the  conclusion  that  at 
the  beginning  of  the  Ice  Age  Scandinavia  lay  much  higher  than  now. 
But  that  this  elevation  was  in  itself  enough  to  afford  a  simple  and  j  ^ 
natural  explanation  of  the  Glacial  Period  will  be  proved  in  the  sequel  ) 
by  more  conclusive  evidence. 

From  what  has  been  said  it  is  clear  that  the  Glacial  and  Post- 
Glaoial  changes  of  level  in  Scandinavia  (and  the  same  applies  to 
North  America)  are  due  to  a  special  cause,  and  therefore  cannot  be 
compared  with  volcanic  or  continent- building  oscillations.  All 
attempts  to  generalize  from  such  comparisons  are  foredoomed  to 
failure. 

>  A .  G.  Hogbom,  *  *  Till  f  rftgan  om  den  senelaciala  halBgransen  i  Norrland ' ' :  Geo!. 
Foren.  Stockholm  Forhandl.,  1899,  xxi,  p.  696. 

'  A.  G.  Hdgbom,  *<  Om  hdgtta  marina  gransen  i  norra  Sverige"  :  Geol.  F5ren. 
Stockholm  Fdrhandl.,  1896,  xviii,  p.  488. 
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No  better  success  has  attended  the  attempts  to  discover  the  cause 
of  the  Glacial  Period  in  directions  other  than  that  here  indicated. 
Especially  is  this  true  of  the  struggles  after  some  far-fetched 
astronomical  explanation  of  this  terrestrial  phenomenon.  The 
geologist  who  perambulates  the  universe  in  search  of  such 
explanations  may  be  likened  to  an  erudite  bookworm  who  turns 
his  study  upside  down  in  search  of  his  pencil,  which  all  the  time 
is  behind  his  ear. 

To  the  view  here  stated  as  to  the  cause  of  changes  of  level  in 
Glacial  and  Post-Glacial  times,  I  have  been  led  by  my  own  researches, 
and  my  ideas  already  tended  in  this  direction  before  I  realized  that 
T.  F.  Jamieson,  and  other  geologists  after  him,  had  expressed  views 
almost  identical  with  my  own.  Subsequently  I  have  perused 
Jamieson's  writings  on  this  subject  more  closely,  and,  with  sincere 
admiration  for  his  acumen,  have  found  that  so  early  as  1865,* 
supported  by  comparatively  few  observations,  he  put  forward  the 
leading  idea  which  in  1882^  he  developed  in  more  detail,  and  which, 
confirmed  as  it  now  is  by  more  numerous  observations,  can  without 
hesitation  be  accepted  as  the  only  correct  one. 

From  the  papers  by  Jamieson  I  think  it  right  to  make  the 
following  instructive  extracts  : — 

"  It  has  occurred  to  me  [Jamieson]  that  the  enormous  weight  of 
ice  thrown  upon  the  land  may  have  had  something  to  do  wit£  this 

depression    [the  great  glacial  depression] We  don't 

know  what  is  the  state  of  the  matter  on  which  the  solid  crust  of 
the  earth  reposes.  If  it  is  in  a  state  of  fusion,  a  depression  might  take 
place  from  a  cause  of  this  kind,  and  then  the  melting  of  the  ice 
would  account  for  the  rising  of  the  land,  which  seems  to  have 
followed  upon  the  decrease  of  the  glaciers."     (Q.J.G.S.,  loa  cit) 

"Assuming  the  specific  gravity  of  the  ice  to  have  been  875, 
compared  with  water  as  1,000,  or  in  other  words  to  have  been 
seven-eighths  of  the  weight  of  water,  then  the  weight  of  a  mass 
of  ice  1,000  feet  thick  would  be  378  pounds  to  the  square  inch,  or 
equal  to  fully  25  atmospheres,  and  would  amount  to  678,675,690 
tons  on  every  Square  mile.  If  the  ice  was  8,000  feet  thick,  it 
would  at  this  rate  amount  to  over  2,000  million  tons  on  the  square 
mile."  (Geol.  Mao.,  1882,  p.  403 ;  Jamieson  here  quotes  some 
geologists  who  have  supposed  that  the  thickness  of  the  ice  has  been 
much  greater,  and  then  he  continues  as  follows  : — )  '^  It  is  evident 
that  a  thickness  of  even  3,000  feet  of  ice  will  give  us  a  weight  by 
no  means  despicable,  a  weight  which  would  require  a  marvellous 
rigidity  indeed  in  the  earth  beneath  it  to  sustain  such  a  load  with- 
out yielding  in  some  degree  "  (p.  404). 

"  That  the  crust  of  the  earth  is  flexible  and  elastic  the  phenomena 
of  earthquakes  sufficiently  demonstrate.  The  surface  heaves  like 
the  billows  of  the  sea,  sometimes  causing  trees  to  bend  so  as  to 

1  T.  F.  Jamieson,  "  On  the  History  of  the  last  Geological  Changes  in  Scotland"  : 
Quart.  Joum.  Geol.  Soc,  1865,  xxi,  p.  178. 

'  '*0n  the  Cause  of  the  Depression  and  Re-elevation  of  the  Land  daring  the 
Glacial  Period'' :  Geol.  Mao.,  1882,  Dec.  II,  Vol.  IX,  pp.  400  and  467. 
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touch  the  ground^jadiji  their  tops,  or  tossing  up  flagstones  into  the  ^    ]\    « 
air  so  as  to^aEemem  come  down  bottom  upwards/'  etc.    (p.  404.) 

"  If  upheavals  and  depressions  of  the  land  have  not  been  caused 
by  changes  of  pressure,  it  may  be  asked,  what  is  it  they  have  been 
caused  by  ?  "     (p.  406.) 

**If  beneath  that  part  of  the  surface  which  was  affected  by  the 
heavy  pressure  of  the  ice,  there  happened  to  be  a  quantity  of  lava 
in  a  fluid  state,  the  result  might  be  to  cause  an  outburst  of  the  lava 
to  take  place  at  some  more  distant  point  This  would  relieve  the 
tension  and  lead  to  a  permanent  depression  of  the  ice-covered  area. 
For  example,  in  North  America  the  great  fields  of  ice  that  lay  on 
certain  portions  of  that  continent  by  their  downward  pressure  may 
bave  occasioned  some  of  those  extensive  eruptions  which  seem  to 
have  taken  place  in  the  region  of  California  after  ^he  commencement^  ^^r^  * 
of  the  Glacial  period.  The  volcanic  phenom^a  of  Iceland  In  like 
manner  may  have  been  affected  by  similar  causes.  That  there  has 
been  a  considerable  permanent  depression  of  some  of  the  most 
heavily  glaciated  regions  since  the  commencement  of  the  Qlacial 
period,  I  think  there  is  much  reason  to  believe.  The  features  of  the 
fjord  districts  of  Norway  and  the  West  Highlands  of  Scotland,  and 
of  British  Columbia,  for  example,  seem  to  show  this  ;  for  these 
coasts  have  all  the  appearance  of  depressed  mountain  lands,  which 
have  been  cut  and  carved  by  streams  and  glaciers  far  beneath  the 
present  level  of  the  sea."     (p.  405.) 

''  It  seems  likely  that  there  might  be  a  tendency  to  bulge  up  in 
the  region  which  lay  immediately  beyond  this  area  of  depression ; 
just  as  we  sometimes  see  in  the  advance  of  a  railway  embankment, 
which  not  only  depresses  the  soil  beneath  it,  but  also  causes  the 
ground  to  swell  up  further  off."     (p.  461.) 

So  far  Jamieson.  His  ideas  have,  before  me,  been  shared  by 
Whittlesey,  N.  S.  Shaler,^  and  Warren  Upham,'  the  last-mentioned 
having  developed  them  further.  TJpham  calls  our  special  attention 
to  the  indisputable  glacial  formations  that  date  from  the  Carboniferous 
or  Permian  periods,  as  that  in  South  Africa  at  30^  S.  lat.,^  in  India 
at  only  20^  N.,^  as  well  as  in  Australia,^  and  he  correlates  these 
phenomena  with  the  mountain-building  that  took  place  during  that 
time.  Of  the  glaciated  areas  here  mentioned  I  have  myself  visited 
that  in  Australia,  in  the  neighbourhood  of  Bacchus  Marsh,  just  west 
of  Melbourne  (37*^-38°  S.),  and  can  confirm  the  correctness  of  the 
descriptions  given.     Here  occurs  a  typical  boulder-day,  of  blue 

^  **  Fluviatile  Swamps  of  New  England '' :  Amer.  Journ.  Sci.,  1887,  ser.  lu, 
Tol.  xxxiii.    See  pp.  220,  221. 

'  "Probable  Causes  of  Glaciation,"  Appendix  A  to  G.  F.  Wright's  "The  Ice 
Age  in  North  America"  ;  New  York,  1891.  See  also  Amer.  Geol.,  1890,  pp.  327 
et  sqq. ;  and  Amer.  Jonm.  Sci.,  1891,  vol.  xli,  p.  33. 

'  A.  Schenck,  "  Ueber  Glacuderscheinungen  in  Sudafrika  "  :  Verhandl.  des  YIII 
dentschen  Geoeraphentages  in  Berlin,  1889. 

*  E.  D.  Oldhson,  "  A  Manual  of  the  Geology  of  India,"  Calcutta,  1893.  See 
pp.  157  and  198. 

^  T.  W.  £.  Darid,  "Eridences  of  Glacial  Action  in  Australia  in  Permo- 
CarbouiferoQs  Time"  :  Quart.  Journ.  Geol.  Soc.,  1896,  lii,  p.  289. 
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colour,  containing  glacially  striated  stones  of  many  kinds  of  foreign 
rocks.  This  bonlder-clay  is  overlain  by  sandstone  with  0angamopteri9, 
belonging  to  the  Oarboniferons  or  the  Permian  system.  What  cast 
suspicion  on  the  glacial  deposits  of  Australia  was  the  great  thickness 
ascribed  to  them,  namely,  as  much  as  5,000  feet  But  this  estimate, 
which  sounds  so  fantastic,  is  really  founded  on  a  mistake  that  arose 
in  the  following  way : — In  the  valley  where  this  thickness  was 
calculated  the  moralnic  beds  are  obliquely  inclined  one  above  the 
other.  By  measuring  each  of  these  beds  and  adding  the  apparent 
thicknesses  together  a  total  was  obtained  which  naturally  was  not 
the  true  vertical  thickness.  That  this  in  reality  is  not  so  extra- 
ordinarily great  is  clear  from  the  fact  that  the  solid  Silurian  rook 
crops  out  both  at  the  bottom  and  on  the  side  of  the  valley  in  question. 
For  a  5,000  foot  thick  moraine  to  find  room  between  these  outcrops, 
it  must  lie  in  a  very  deep  hollow  of  most  unusual  and  inexplicable 
shape. 

For  my  part  I  think  Upham  must  be  accounted  right  in  his 
contention  that  the  glacial  phenomena  of  South  Africa,  India,  and 
Australia  can  be  explained  only  on  the  supposition  that  these  districta 
formerly  lay  much  higher  than  now.  Especially  does  this  apply 
to  the  Indian  glacial  district,  situate  only  20^  from  the  equator. 
There  is  no  place  here  for  the  interglacialist  hypothesis,  and  if 
a  former  elevation  be  not  admitted  for  this  district  we  may  justly 
ask  what  else  can  have  produced  glacial  phenomena  so  near  the 
equator.  On  the  other  hand,  we  may  adduce  the  fact  that  Kilima 
Ndjaro  in  East  Africa,  said  to  be  about  6,000  metres  high,  exhibits 
glacdation  although  only  3^  from  the  equator. 

But  if  an  elevation  of  the  land  in  equatorial  regions  can  produce 
glaciers,  what  glacial  results  may  we  not  expect  from  an  elevation 
in  the  latitude  of  Scandinavia,  Greenland,  and  North  America? 
The  question  is  reduced  to  this :  Can  we  show  that  during  Quaternary 
times  such  an  elevation  really  did  take  place  in  the  three  great 
glacial  districts  ?  It  is  as  a  rule  difficult  to  prove  former  elevation 
of  the  land  if  the  region  once  raised  now  lies  sunk  below  sea-level ; 
but  in  proportion  as  the  oceans  that  bound  North  America  and 
Scandinavia  have  been  more  closely  investigated  this  proof  has  been 
forthcoming,  and  a  considerable  elevation  of  Quaternary  age  is  now 
fully  established  both  for  North  America  and  Scandinavia. 
;.  As  regards  North  America,  many  geologists,  of  whom  I  shall 
cite  only  J.  W.  Spencer,'  have  demonstrated  that  the  larger  rivers 
on  the  eastern  side  of  the  continent,  from  the  Mississippi  up  to  the 
St.  Lawrence,  have  channels  clearly  excavated  beyond  the  coast  to 
a  depth  below  the  sea  of  <<  3,000  feet  or  more  " ;  and  this  naturally 
indicates  that  formerly  the  land  was  elevated  to  a  corresponding 
height  Similar  observations  have  been  made  on  the  Pacific  coast 
of  North  America.  That  this  elevation  took  place  at  a  relatively 
recent  period  follows  from  the  fact  that  the  submarine  channels  are 
not  filled  up  as  they  would  otherwise  have  been. 

1  "The  High  Contiiiental  Eleration  preceding  the  Pleistocene  Period":  Bull. 
Oeo).  8oc.  Amer.,  1890,  i,  p.  65. 
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Like  observations  have  been  metde  on  the  ooast  of  Norway,  where 
^e  deep  fjords  continue  as  submarine  valleys  beyond  the  present 
ooast  to  a  great  depth.  For  these  to  have  been  oarved  oat  by  the 
rivers  of  a  past  age,  the  land  mast  of  course  have  lain  much  higher 
than  now.  The  so-called  '  Norwegian  Channel/  if,  as  is  probable, 
it  represents  an  ancient  river-bed,  proves  the  same  thing. 

The  Scandinavian  Pre-Olaoial  elevation,  however,  was  not  confined 
to  the  coast  of  Scandinavia,  but  evidently  affected  a  laige  part  of  the 
bottom  of  the  present  North  Atlantic,  both  westwards  to  the  east  ^ 
ooast  of  Greenland  and  southwards  to  the  south  part  of  England. 
So  £Eur  as  Ghreat  Britain  is  concerned  this  elevation  is  undeniable. 
The  mere  existence  in  this  country  of  a  Pre-Olaoial  mammalian  fauna, 
obviously  exterminated  by  the  Ice  Age  ^  and  partly  reminiscent  of 
more  southern  regions  (elephants  of  various  species,  mammoth, 
mastodon,  lion,  hysdua,  etc.),  is  enough  to  presuppose  a  land-con- 
nection between  the  continent  and  England  and  Ireland,  so  that  the 
animals  could  cross  to  these  islands.^  But  these  mammals  did  not 
merely  wander  across  the  English  Channel  and  the  southern  parts 
of  the  North  Sea ;  they  also  inhahiied  the  districts  now  sunk  beneath 
the  waters,  as  may  be  inferred  from  the  '* almost  incredible" 
''quantity  of  teeth  and  bones  belonging  to  the  mammoth,  woolly 
rhinoceros,  horse,  reindeer,  and  spotted  hyssna,  and  other  animals, 
dredged  up  by  the  fishermen  in  the  German  Ocean  "  (op.  oit,  p.  365). 
That  the  animals  lived  here  at  no  distant  date  follows  from  the  fact 
that  their  bones  are  found  on  the  very  surface  of  the  sea-floor,  as 
well  as  from  the  mixture  of  remains  of  Pre-Olaoial  animals  with 
those  of  the  reindeer,  as  to  whose  contemporaneity  with  the  Ice  Age 
there  can  be  no  doubt  Finds  of  this  boreal  species  on  the  floor 
of  the  North  Sea  show  further  that  the  elevation  still  existed  when 
the  Olacial  Period  was  setting  in. 

Furthermore,  submarine  peat-bogs  along  the  coast  of  England, 
as  well  as  the  disoovery  of  the  fresh- water  bivalve,  Unto  pidorum, 
and  shore  shells  at  a  greater  depth  than  200  feet  in  the  English 
Channel  (op.  oit,  p.  364),  bear  clear  witness  to  an  elevation  of  the 
land  in  Quaternary  times. 

But  the  depth  of  the  English  Channel  and  of  the  southern  part 
of  the  North  Sea  is  not  very  great — at  the  southern  end  of  the 
Dogger  Bank  not  more  than  13  - 16  metres — and  a  raising  of  the 
sea-bottom  from  30  to  50  metres  would  be  enough  to  bring  a  large 

'  *  Vastn  *  (west)  in  original ;  correction  by  the  author. 

'  H.  H.  Howorth,  **  Did  the  Mammoth  live  before,  daring,  or  after  the  Deposition 
of  the  Drift?"  :  Geol.  Mao.,  1892,  Dec.  Ill,  Vol.  IX,  pp.  260  and  396. 

In  England  the  so-called  interglacial  occnrrences  of  tiie  larger  mammals  seem  to 
rest  only  on  mistakes  or  on  the  estimation  of  secondary  occorrences  as  primary.  Of 
course  they  disappear  at  the  same  time  as  the  so-called  *  interglacial '  aepoeits  cease 
to  be  interpreted  as  interglacial,  and  this  is  already  the  case  with  the  majority. 
Thos  the  '  middle  sand,'  formerly  the  most  important  of  the  interglacial  formations, 
is  now  very  generally  regsrded  as  glacial.  And,  so  far  as  I  oonld  discover  from 
conversation  with  Englisli  geologists,  the  idea  of  a  true  ^  interglacial '  period  is  now 
afanoet  abandoned  by  them. 

•  W.  Boyd  Dawkins :  **  Cave  Hunting,  etc.  "  ;  London,  1874.    See  p.  362. 
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part  of  it  above  the  surface.  It  may  therefore  be  objected  that, 
even  though  the  land-connection  in  question  may  really  have  existed, 
still  it  is  in  itself  no  proof  of  any  considerable  elevation,  certainly 
not  of  one  great  enough  to  explain  the  severe  climate  of  the  Qlaoial 
Period.    And  this,  no  doubt,  is  perfectly  true. 

But  there  are  odier  evidences  for  a  much  greater  elevation  in  the 
north-west  of  Europe.  That  the  agreement  between  the  floras  of 
Scandinavia,  Scotland,  the  Faeroes,  Iceland,  and  Oreenland  necessarily 
presupposes  a  land-connection  in  Quaternary  times,  has  been  long 
understood.  Such  a  connection  involves  an  elevation  of  the  sea-floor 
between  Scotland  and  Oreenland  of  about  3,000  feet  (891  metres).* 
But  did  such  an  elevation  really  take  place  during  the  Quaternary 
Period  ?  Conclusive  proof  of  it  was  given  by  A.  S.  Jensen,'  when 
he  demonstrated  the  logical  consequences  of  the  discoveries  made 
by  the  Ingolf  expedition  in  1896  during  the  investigation  of  the 
sea-floor  between  Jan  Mayen  and  Iceland.  Here  the  expedition 
found  at  a  great  depth,  reaching  as  much  as  1,309  Danish  &thoms,' 
such  shalloW'WaXer  bivalves  as  Astarte  Banhaii,  A.  horeali$,  A.  com- 
pressay  Cardium  eUiatum,  C.  groerdandicum,  Cyrtodaria  siliqua^ 
Maeoma  calcaria,  Saxicava  arctica,  and  Yoldia  arctiea.  These 
marine  molluscs,  which  can  live  only  at  small  depths,  according 
to  Jensen  in  not  more  than  100  fathoms  of  water,  occur  in  great 
numbers,  and  it  is  quite  clear  that  they  have  lived  where  their 
shells  now  are  met  with.  These  discoveries  therefore  prove  that 
the  sea-bottom  between  Scandinavia  and  Greenland  once  lay  more 
than  1,200  fathoms  (2,138  metres)  higher  than  now.  As  for  the 
date  of  the  elevation,  Jensen  justly  observes  that  the  occurrence 
of  Yoldia  arctica  is  enough  to  show  that  it  took  place  during  the 
Qlacial  Period.  During  which  part  of  that  period  the  elevation 
existed  is  not  discussed  by  Jensen,  but  it  is  most  reasonable  to  refer 
it  to  the  beginning  of  the  period,  when  an  elevation  is  established 
both  for  England  and  Scandinavia.*  If  this  elevation  started  from 
the  ArchsBan  district  of  Scandinavia  and  of  Oreenland,  as  there  is 
good  reason  for  supposing,  then  the  elevation  of  Scandinavia  must 
have  been  greater  than  that  demonstrated  by  Jensen  for  the  sea-floor 
between  Scandinavia  and  Oreenland.  But  if  the  elevation  was  only 
of  the  same,  or  even  approximately  the  same  magnitude,  it  was  still 
quite  enough  to  afford  an  explanation  of  the  Olacial  Period  itself. 

But  this  elevation  of  the  sea-floor  between  Scandinavia  and 
Oreenland  carried  with  it  another  important  consequence,  in  that 
it  changed  this  part  of  the  ocean  into  an  inland  sea,  comparable 
with  the  Mediterranean,  and  united  with  the  body  of  the  Atlantic 
only  by  the  deep  channel  between  the  Shetlands  and  Faeroes.* 

'  See  the  map  to  "W.  H.  Hudleston's  paper  "  On  the  Eastern  Margin  of  the  North 
Atlantic  Basin '^  :  Gbol.  Mao.,  1899,  Dec.  IV,  Vol.  VI,  n.  97. 

*  **  Cm  LeTninger  af  Gmndtvandsdyr  paa  store  Havdyo  raellem  Jan  Mayen  o^ 
Island" :  Vidensk.  Meddel.  Natorhist.  Foren.  Kobenham,  1900,  p.  229. 

*  8,087  English  feet ;  2,466  metres.— Translator. 

*  The  same  eleyation  also  reached  Iceland.    See  Th.  Thoroddsen  in  Geol.  Foren. 
Stockholm  Forhandl.,  1900,  xxii,  p.  646. 

^  Cf .  Hndleston's  map  cited  above. 


Digitized  by  VjOOQ IC 


Oscillations  of  Land  in  Scandinavia,  213 

From  this  in  turn  it  followed  that  the  Qalf  Stream  was  completely 
shut  off  from  the  Arctio  Ooean  and  forced  to  tarn  south  and  west 
of  the  British  Isles,  and  thus  to  concentrate  its  heat-giving  energy  on 
central  Europe.  This  explains  the  mild  climate  found  in  a  portion 
of  Europe  during  a  stage  of  Pre-Olacial  time. 

As  shown  above,  it  may  be  considered  as  a  fact  confirmed  by 
known  phenomena,  that  at  the  beginning  of  the  Quaternary  Period 
portions  of  the  North  American  continent  lay  at  least  1,000  metres, 
and  Scandinavia  still  more,  perhaps  2,000  metres,  higher  than  now. 
As  for  the  intervening  Qreenland,  it  seems  probable  that  it  could 
not  be  unaffected  by  these  changes  of  level,  but  that  it  took  part 
in  them/ 

We  meet  here  the  legitimate  question :  What  is  it  that  produced 
such  a  great  elevation  in  these  particular  parts  of  our  earth  ?  The 
answer  is  that  North  America,  Greenland,  and  Scandinavia,  not 
merely  taken  together,  but  each  separately,  are  the  largest  areas 
of  Arohaaan  roclu  in  the  world.^  The  remarkable  coincidence  of 
the  great  glaciated  districts  with  the  ArchsBan  districts  has  long 
since  been  commented  on  as  peculiar.  No  explanation,  however, 
has  been  given  of  this  fact.    What  it  really  means  I  shall  here  show. 

During  the  Silurian  Period  Scandinavia  was  partly  covered  by 
the  sea,  as  clearly  proved  by  the  numerous  patches  of  Silurian  rock. 
Possibly  the  same  was  the  case  during  a  part  of  the  Devonian 
Period.  But  before  the  close  of  that  period  Scandinavia  rose  above 
the  water,  and  probably  went  on  rising  right  up  to  the  Quaternary 
Period.  At  all  events  the  ArchaBan  area  of  Scandinavia  never  again 
sank  beneath  the  sea,  as  clearly  demonstrated  by  the  absence  of 
younger  marine  formations  from  within  its  boundaries.  Examination 
of  a  geological  map  of  Europe  shows  that  the  shore  of  the  later 
Paladozoic,  and  still  more  that  of  the  Mesozoic,  sea  moved  eastwards 
further  and  further  away  from  Scandinavia,  which  seems  to  imply 
that,  daring  the  long  ages  that  elapsed  after  the  Silurian  (or  Devonian) 
Period,  Scandinavia  continually  rose,  and  involved  in  its  rise  a  part 
of  the  surrounding  area. 

The  course  of  events  on  the  North  American  continent  was 
precisely  the  same.  Here  the  shore  of  the  later  Pal890zoic  and 
Mesozoic  sea  moved  southwards  ever  further  and  further  from  the 
rising  Archssan  area  of  the  north. 

On  what  can  this  harmony  of  events  have  depended  ? 

If  so  late  as  the  Quaternary  Period  the  crust  of  the  earth  was 
found  to  yield  to  the  pressure  of  the  land-ice,  still  more  must  it 
have  yielded  to  burdens  during  the  earlier  stages  of  the  earth's 
development  That  this  was  actually  the  case  is  shown  in  Scandinavia 
itself  by  numerous  instances  from  Cambro-Silurian  times.  For 
some  years  it  has  been  well  known  that  faults,  often  accompanied 

1  During  my  joome^  to  Greenland  in  1880  I  saw  from  the  sea  south  of  Ivigtat 
supposed  li^bes  in  a  situation  exposed  to  the  sea  at  a  great  height  on  the  mountain 
slopes.  Time,  however,  did  not  permit  mo  to  examine  them.  Numerous  similar 
obwrrations  are  mentioned  in  '*  Meddclelser  cm  Gronland.'* 

*  See  Berghans'  **  Physikalischer  Atlas,"  Maps  7/8,  9,  and  13  ;  Gotha,  1892 
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by  breooia-formation,  may  be  observed  in  Scandinavia  at  many  poinU 
on  the  boundary-line  between  the  Archssan  and  Cambro-Siluriaa 
deposits,  as  on  Bomholm,  in  Scania,  on  Lake  Yetter,  in  Ostrogothia, 
Nerike,  Dalecarlia,  Gestrikland,  Jemtland,  on  the  Christiania  fjord, 
on  the  Kola  peninsula,  and  other  places.^  Even  the  quite  insignificant 
occurrence  of  Silurian  at  Humlenas  in  the  province  of  Ealmar  can 
show  a  similar  fault  with  accompanying  breccia-formation.  For 
my  part  I  do  not  think  that  any  explanation  of  these  phenomena 
will  ever  be  foimd  more  satisfactory  than  that  the  earth's  crust, 
which  during  the  Gambro-Silurian  periods  was  much  thinner  than 
now,  yielded  beneath  the  weight  of  the  Cambro- Silurian  sediments. 
If  such  were  the  conditions,  we  can  also  understand  the  immense 
thickness  which  the  Palsoozoic  rocks  occasionally  attain,  and  which 
may  have  arisen  by  the  gradual  sinking  of  the  sea-floor  in  proportion 
as  the  formation  of  sediment  proceeded.' 

But  if  sedimentation  tends  to  depress  the  earth's  crust,  and 
actually  has  depressed  it  in  certain  places,  then  to  such  a  sinking 
there  must  have  corresponded  elevation  in  another  place  ^ ;  and  it 
is  precisely  this  elevation  above  all  that  has  affected  the  Archasan 
areas,  and  particularly  the  greater  ones  —  those  that  could,  so  to 
speak,  move  independently — because  these  areas  have  not  merely 
formed  the  thinnest  parts  of  the  crust,  but  have  lacked  the 
strengthening  influence  of  the  stratified  deposits. 

This,  then,  seems  to  have  been  the  way  in  which  elevation  of  the 
Scandinavian  and  North  American  Archsdan  areas  was  brought 
about  and  carried  on,  until  at  the  beginning  of  the  Qlacial  Period 
they  had  reached  such  a  height  that  each  formed  the  centre  for  an 
ice-sheet 

If  the  conception  put  forward  in  the  preceding  pages  is  the  right 
one,  it  follows  that  the  phenomena  which  accompany  the  appearance 
of  an  ice-sheet  involve  such  radical  and  manifold  changes  within 
the  glaciated  area  that  an  Ice  Age  cannot,  so  to  say,  come  and  go 
unmarked,  but  must  leave  the  most  obvious  traces  behind  it. 
Therefore  it  is  that  the  idea  here  propounded  is  utterly  opposed  to 
the  interglacialist  view,  and  therefore  it  has  been  attacked  by 
champions  of  the  latter.^  The  chief  objection  raised  by  them  to  the 
present  explanation  of  the  Ice  Age  is  the  following. 

Granted,  they  say,  that  this  might  be  quite  a  satisfactory 
explanation  of  the  Scandinavian,  Greenland,  and  North  American 
ice-sheets,  still  it  is  not  enough  to  explain  the  former  small  glaciated 
areas  in  the  Pyrenees,  the  Alps,  the  Caucasus,  and  so  forth.      To 

1  See  '*  GenerabregLBter'*  to  vols,  vi-x  of  Geol.  Foren.  Stockholm  Forhandl.,  p.  34. 

A  fault  in  Jemtland  is  described  by  A.  Hogbom  in  his  paper,  **  Om  forkastniogs- 
breccior  rid  den  Jemtlandska  silurfonnationens  bstra  grans^' :  Geol.  Foren.  Stock- 
holm Forhandl.,  1886,  Tiii,  p.  352. 

The  PaliGOzoic  faults  on  the  Kola  peninsula  hare  been  described  by  W.  Ramsay, 
Fennia  xri,  No.  1,  pp.  2  and  xv ;  No.  4,  pp.  7  and  11. 

•  The  same  riews  were  expressed  by  James  Hall  in  the  **  Pala&ontology  of  New 
York/*  iii,  pp.  69  et  sqq. ;  Albany,  1859. 

'  Cf.  J.  Hall,  op.  cit.,  p.  96. 

*  J.  Oeikie :  "  The  Great  Ice  Age,"  3rd  ed.,  p.  792  ;  London.  1894. 
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Ibis,  however,  it  may  be  replied  that  these  smaller  peripheral  glacial 
areas  were  perhaps  direotly  due  to  the  general  sinking  of  temperature 
produoed  by  the  North  European  ice-sheet  during  its  maximum 
extension. 

That  such  a  fall  in  temperature  really  took  place  may  be  considered 
as  proved  by  the  fact  that  so  boreal  an  animal  as  the  reindeer, 
during  a  part  of  the  Glacial  Period,  had  a  wide  distribution  in 
southern  Europe.  And,  as  regards  the  cause  of  the  smaller  peripheral 
glaciated  districts,  it  may  once  more  be  recalled  that  if  a  mountain 
chain  be  sufficiently  raised,  no  matter  by  what  cause,  a  glaciated 
area  may  be  produced  when  and  where  you  please. 

But  there  is  another  objection,  which,  at  first  glance,  seems  more 
weighty.  Besides  the  oscillations  of  Glacial  age,  there  have  in 
Sweden  also  been  some  of  Post-Glaoial  age,  partly  during  the  Ancylui 
period,  partly  during  that  of  Litorina.  Now,  if  the  pressure  of  the 
land-ice  and  the  removal  of  that  pressure  afford  a  valid  explanation 
of  the  former — and  it  can  hardly  be  denied  that  such  is  the  case — 
still  it  seems  quite  impossible  that  they  can  explain  the  latter. 
Surely  the  ice-sheet  cannot  produce  oscillations  of  level  some  ten 
thousands  of  years  after  its  disappearance.  So  no  doubt  it  seems  ; 
and  yet  this  is  exactly  what  the  ice  has  done. 

Nowadays  it  is  well  known  that  the  Glacial  and  Post-Glacial  areas 
of  depression  almost  entirely  coincide.  Not  only  do  the  zero  curves 
on  the  periphery  of  these  areas  follow  the  same  course,  but  the 
maxima  or  centres  themselves  are  on  the  whole  the  same.'  It  is 
only  the  amount  of  the  depression  that  was  different,  the  Glacial 
sinking  reaching  280  metres,  the  Ancylua  sinking  exceeding  200 
metres  (?),  and  that  of  the  Litorina  period  being  about  100  metres.' 

The  conformity  now  demonstrated  between  the  Glacial  and 
Post-Glacial  changes  of  level  points  to  a  common  cause.  This  has 
long  since  been  perceived,  and  A.  G.  Hogboin,  who  remarked  the 
fact,  expressed  it  as  follows  :  "  The  same  factors  have  governed  the 
oscillations  of  the  land  continuously  from  the  Ice  Age  to  the  present 
day.'"  But  what  can  the  common  cause  or  common  factor  have 
been?  To  this  I  reply:  Nothing  else  than  the  removal  of  the 
ice-pressure.  When  this  ceased  the  Scandinavian  area  of  depression 
was  set  in  a  swinging  motion,  like  a  pendulum  set  free.  This  area, 
depressed  somewhat  lower  than  the  highest  Glacial  coastline,  rises 
for  the  first  time  as  the  land-ice  disappears.  This  is  the  late  Glacial 
elevation.  It  sinks  afresh  in  the  Ancylus  period,  and  during  this 
depression  the  highest  Ancylua  beach  is  formed.^  But  again  the 
area  rises,  and  finally  sinks  for  the  third  time  to  the  level  marked 

^  (Gerard  De  Geer :  **  Om  Skandinayiens  geografiska  atveckling,"  2.  Kartor, 
pit.  4,  5,  and  6  ;  Stockholm,  1896. 

>  The  arithmAtical  progression  from  100  to  200  and  280  is  not  reenlar.  May  not 
this  indicate  that  the  hist  fifi:ure  ia  too  low,  and  that  the  Glacial  depression  was 
greater  than  is  shown  h^  the  highest  Glacial  marine  coastline  ? 

'  <' Om  hogsta  manna  griinsen  i  norra  STerige":  Geol.  Foren.  Stockholm 
Forhandl.,  1896,  xriii.     See  p.  487. 

*  There  is  no  reference  here  to  the  undulatory  motion  of  the  land-oscillations,  but 
only  to  their  final  result. 
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by  the  highest  Zitorina  beaoh.  The  elevation  oonseqneiit  on  that 
is  still  going  on.'  And  it  is  not  too  rash  to  predict  that  these 
oscillations  will  continue  until  the  ever-weakening  effect  of  the 
impulse  given  by  the  land-ice  is  neutralized  by  the  other  terrestrial 
factors  that  produce  land-oscillations.' 

From  the  foregoing  pages  it  appears  that ''  the  Po$t-Olaeial  geology 
of  the  Baltic  Sea  and  the  Oulf  of  Bothnia "  stand  in  the  closest 
relation  to  their  Glacial  geology.  Therefore  I  have  been  unable  to 
make  the  former  clear  without  at  the  same  time  throwing  some 
light  on  the  latter. 

VL— On    thb    Fish    Fauna    op    the    Millstone    Grits  of 

Great  Britain. 

By  Edoar  D.  Wbllbubn,  L.R.C.P.,  F.G.S.,  F.R.I.P.H.,  etc. 

Introduction. 

ON  June  10th,  1898,  whilst  on  an  excursion  with  the  Yorkshire 
Geological  and  Polytechnic  Society,  I  found  three  specimens  of 
fish  remains  in  the  Millstone  Grits  at  Summit  in  Lancashire. 
Subsequently,  on  several  occasions,  I  again  visited  the  district 
and  succeeded  in  collecting  a  large  number  of  fish  remains,  and  on 
these,  together  with  a  few  other  specimens  which  had  been  found 
in  these  rocks  at  rare  intervals,  I  have  based  the  following  paper. 
General  Bemarks. 
Brief  Description  of  the  MiUstone  Orit  Bocks. 

The  Millstone  Grit  rocks  may  be  naturally  grouped  into  three 
divisions,  viz. :  (1)  the  Rough  Rock  at  the  top ;  (2)  the  Kinder  or 
Pebble  Grits  at  the  base  ;  with  (3)  between  them  the  Middle  Grits, 
which  are  composed  of  thick  beds  of  shales  alternating  with  bands 
of  grit  rock.  The  Middle  Grits  may  again  be  subdivided  into  four 
groups,  viz.,  A,  B,  G,  and  D  beds,  A  being  the  uppermost. 

The  great  Pennine  Anticline,  between  Lancashire  and  Yorkshire, 
is  mostly  composed  of  these  rocks,  and  on  the  Lancashire  side, 
south-west  of  Walsden,  at  the  head  of  the  Galder  Valley,  there  are 
on  the  south  side  several  splendid  exposures  of  these  rocks;  in 
one  quarry  near  Summit,  Lancashire,  there  is  a  very  good  section  of 
the  D  beds  of  the  Middle  Grits,  and  in  the  shales  near  the  base  there 
are  a  number  of  nodular  masses  composed  of  impure  limestone; 
it  is  from  these  nodules  that  I  have  collected  the  majority  of  the  fish 
remains. 

The  nodules  are  of  peculiar  conformation,  and  vary  in  size, 
many  being  24  inches  in  length,  18  in  width,  and  9  or  10  inches 

*  Each  raccessiTe  swing  was  naturally  not  only  less  extensive  but  shorter  than  the 
preceding.  From  this  it  may  be  inferred  that  the  Zitorina  depression  prevailed 
a  shorter  time  than  the  AnevUu  depression. 

'  Here,  of  course,  it  is  only  Scandinavia  that  is  alluded  to.  But  the  same  remarks 
are  largely  applicable  also  to  North  America,  although  it  is  not  unlikely  that  the 
North  American  ice-sheet,  being  much  larger  than  that  of  Scandinavia,  melted  later 
than  it.  In  that  case  the  Post- Glacial  epoch  must  have  been  shorter  in  North 
America  than  in  Europe.  Herein  may  lie  the  reason  why  many  North  American 
ffeolofliists,  in  their  estimates  of  Post-Glacial  time,  have  arrived  in  harmony  at  such 
low  ngures  as  7,000  to  10,000  years — a  far  shorter  time  than  that  in  which  the 
Post-Glacial  deposits  of  Scandinavia  were  formed. 
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in  depth.  At  the  base  of  the  nodales  there  is  a  layer  of  oone-in- 
oone,  two  to  three  inches  in  thickness,  at  the  top  three  to  four 
inches  of  hard  dense  limestone,  which  breaks  with  a  oonchoidal 
fractnre,  whilst  between  these  the  stone  is  more  impure,  there  being 
a  certain  admixture  of  arenaceous  matter,  and  here  the  rock  wiU 
split  into  laminsB  of  from  a  third  to  half  an  inch  in  thickness.  The 
majority  of  the  fish  remains  were  found  on  these  slabs,  but  others,  in 
•a  more  fragmentary  condition,  occur  in  the  upper  layers  of  the  nodules. 

That  the  nodules  were  formed  under  marine  conditions  is  proved 
by  the  fact  that  mixed  among  the  fish  remains  are  shells  of 
Oaniatites,  OrthoceraSt  Avictdopecten,  FoHdonomya,  etc.  In  some  rare 
instances  plants  are  found,  but  only  in  a  very  fragmentary  and 
eroded  condition,  and  in  the  upper  portions  of  the  nodules 
I  have  in  rare  instances  found  corals  and  orinoids.  These  taken 
together  point  to  the  fact  that  the  fish-bearing  nodules  were  formed 
under  estuarine  conditions. 

I  have  found  similar  nodules  at  Wadsworth  Moor,  Yorkshire, 
where  the  late  Captain  Aitken  ^  collected  his  fish  remains,  and  feel 
certain  that  his  specimens  were  obtained  from  the  same  horizon  as 
the  one  at  Summit. 

Fish  remains  have  also  been  found  in  the  D  Shales  of  the  Middle 
Orits  at  the  following  localities  in  Yorkshire,  viz.,  Eccup,  near 
Leeds ;  Boulder  Clough,  Sowerby,  and  Eilne  House  Wood, 
Luddenden,  both  near  Halifax;  and  the  late  Mr.  James  Spencer, 
of  Halifax,  mentions'  Flonichthys  Aitkeni,  Traq.,  as  occurring  in 
the  Bough  Rock  and  the  B  and  C  beds  of  the  Middle  Grits,  but 
unfortunately  he  gives  no  localities. 

The  collection  is  of  great  interest,  both  from  a  geological  and 
a  zoological  point  of  view — both  as  largely  increasing  our  knowledge 
of  a  fish  fauna  in  a  group  of  rocks  whose  yield  of  fossil  fish  has 
hitherto  been  extremely  limited,  and  zoologically  in  the  fact  that 
one  genus  and  several  species  are  new  to  science,  whilst  others  are 
placed  on  record  as  obtained  from  these  rocks  for  the  first  time. 

Conoeming  the  appended  list  of  genera  and  species  the  following 
facts  stand  out  as  worthy  of  special  mention  (in  addition  to  those 
mentioned  above),  viz. :  (1)  the  occurrence  of  the  genus  CltmattWf 
a  fish  that  has  hitherto  occurred  only  in  the  Lower  Old  Red 
Sandstones  of  Forfarshire;  (2)  the  appearance  in  the  Millstone 
Qrits  of  the  genera  Orodus,  Psephodus,  Prtstodus,  etc.,  for  the 
first  time;  and  (3)  the  occurrence  of  the  peculiarly  interesting 
lohthyodorulites,  for  which  I  have  felt  compelled  to  institute  the 
new  genus  EueienodopM. 

Remabks    on    the    Fish    Remains. 

FamUy  CLADODONTID^. 

Genus   CLADODUS,    Agassiz,    1843. 

Cladodoi  mirabilis,  Agassiz,  1843. 

The  late  Mr.  Aitken,'  of  Bacup,  found  teeth  of  this  genus  in  the 

'  Trans.  Manchester  Geol.  Soc.,  vol.  xiii,  p.  36. 

*  Proc.  Yorks.  Geol.  and  Polyt.  Soc.,  vol.  xiii,  pt.  4. 

*  Aitken,  op.  cit. 
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D  Shales  of  the  Middle  Grits  at  Wadaworth  Moor,  Yorkshire,  and 
there  is  also  a  tooth  in  the  Woodnvardian  Museum,  Camhridge,^ 
whieh  shows  the  charaoters  of  the  aboye  species.  It  is  from  the 
same  locality  and  horizon. 

Family  PRISTODONTID^. 
Genus  PRISTODUS,  Davia  {ex  Agaasiz  MS.),  1883. 

Pristodns  falcatus,  Davis,  1883. 

I  have  found  one  tooth  of  this  species. 

Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit. 
Family  COCHLIODONTID^. 
Genus    PSEPHODUS,    Agassiz,    1862. 
Psephodus,  sp.  nov. 

Among  the  fish  remains  from  Summit  there  is  a  series  of  three 
lower  (?)  dental  plates  of  Faephodm,  having  the  following  charaoters, 
viz. : — The  plates  increase  in  size  from  before  backwards,  and 
have  the  following  measurements :  anterior  plate,  anterior  posterior 
measurement  0-0008  m.,  transverse  0'0015m.;  median  plate,  anterior 
posterior  0001m.,  transverse  0002m.;  posterior  plate,  anterior 
posterior  0-001  m.,  transverse  0-0025  m.  The  margins,  where 
the  teeth  are  in  juxtaposition,  are  nearly  straight,  the  anterior 
one  being  very  slightly  convex,  whilst  the  posterior  one  is  veiy 
slightly  concave;  the  posterior  margin  is  greater  in  transverse 
measurement  than  the  anterior;  the  outer  margin  is  straight,  the 
inner  one  gently  curved  throughout  its  length.  The  crown  is  gently 
arched  from  side  to  side,  and  the  anterior  external  angle  being 
somewhat  inroUed  gives  a  slight  obliquity  to  the  coronal  ridge. 
The  crown  is  covered  with  a  dense  layer  of  ganoine.  The  base 
is  thick  and  strong,  and  conforms  with  the  surface  of  the  crown. 

Eemarks. — Although  the  plates  are  so  small,  their  charaoters  are 
so  well  displayed  that  I  am  not  inclined  to  consider  them  as  plates 
of  a  young  fish,  but  rather,  from  the  fact  that  they  do  not  appear 
to  agree  with  the  specific  diagnosis  of  any  of  the  known  species  of 
Psephodus,  I  am  inclined  to  treat  them  as  dental  plates  of  a  new 
species,  for  which,  on  account  of  their  small  size,  I  propose  the 
specific  designation  minuta. 

Form,  and  loc. :  D  Shales,  Middle  Grits,  at  Summit 
Genus  PCECILODUS,  McCoy  (ex  Agassiz),  1865,  amend.  A.  S.  W.,  1889. 
Poscilodos  Jonesii,  McCoy,  1855. 

Anterior  half  of  a  dental  plate. 

Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit. 

Family  CESTRACIONTID^. 

Genus  ORODUS,  Agassiz,  1838. 
Orodns  elongatos,  Davis,  1883. 
I  have  found  two  well-marked  teeth  of  this  species,  one  being 
almost  identical  with  0.  elongatus,  the  other  with  0.  anguBius,  as 
figured  by  the  late  Mr.  J.  W.  Davis,  F.G.S.* 

Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit. 
»  "Wellburn,  op.  cit.        »  Trans.  Roy.  Dublin  Soc.,  toI.  i,  sect.  2,  pi.  li,  figs.  1,  4. 
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Inserto  sedis. 

I  here  place  certain  small  Helodont  teeth,  one  of  which  shows 
the  characters  of  H.  triangularisy  Davis,  the  latter,  from  its 
uDsymmetrical  form,  being  in  all  probability  a  medio-lateral,  and 
others,  which  are  smaller  and  more  symmetrical,  being  symphyseal 
teeth  of  Psephodus  or  some  other  Cochliodont  fish. 

Form,  and  loc. :  D  Shales,  Middle  Grits,  Sammit. 

Family  ACANTHODID^. 
Genus  ACANTHODES,   Agaasiz,   1833. 

Acanthodes  Wardi,  Egerton,  1866. 

The  best  specimen  of  this  fish  I  found  at  Summit ;  it  shows  the 
fish  from  a  point  a  short  distance  in  front  of  the  pectoral  fin  spine, 
the  basal  portions  of  which  are  preserved,  to  a  point  some  little 
distance  behind  the  dorsal  fin  spine,  which  is  also  present.  The 
body  is  clothed  with  small  quadrate  scales,  which  I  am  unable  to 
distinguish  from  those  of  A.  Wardi,  Egert.,  of  the  Coal-measures. 
Besides  the  above,  fragments  of  the  fish  and  many  fin  spines  have 
been  found. 

Form,  and  loa  :  D  Shales,  Middle  Grits,  Summit ;  Boulder  Clough, 
Sowerby ;  and  Kilne  House  Wood,  Luddenden,  near  Halifax. 

Acanthodes,  sp.  nov. 

One  fragment  of  Acanthodes  shows  characters  which  appear  to 
entitle  it  to  specific  distinction,  viz.,  the  scales  are  very  minute  and 
are  ornamented  with  fine  diagonal  striae.  The  only  species  of 
Acanthodes  that  I  know  of  with  this  scale  sculpture  is  A,  concinnus, 
Whiteaves,'  but  in  this  species  the  fin  spines  are  ornamented  with 
**  about  four  longitudinal  grooves,"  whereas  the  present  species  shows 
no  evidence  of  these  grooves,  the  fin  spines  being  broad  and  elongated, 
having  a  single  groove  and  ridge  running  parallel  with  the  anterior 
border.  On  account  of  the  scale  sculpture  I  propose  the  specific 
designation  striatus  for  this  species. 

Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit. 
Genus  CLIMATIUS,   Agassiz,   1845. 

Climatins,  sp.  ? 
Among  the  fish  remains  there  is  the  crushed  body  of  a  small 
Acanthodian  fish  of  about  50  mm.  in  length.  The  body,  which 
appears  to  have  been  of  a  somewhat  slender  form,  is  covered  with 
smooth  quadrate  scales,  and  there  are  several  fin  spines  present, 
some  being  detached  from  the  body  but  lying  in  close  proximity  to 
it ;  the  majority  of  the  spines  are  broad  and  robust,  the  others  being 
straight,  narrower,  and  more  elongated,  and  all  are  ornamented 
with  coarse  longitudinal  ridges,  and  in  general  characters  agree  very 
closely  with  those  of  the  Old  Bed  Sandstone  fish  Climatius  as 
figured  and  described  by  Sir  P.  Egerton '  and  Mr.  J.  Powrie,  F.G.S.* 
I  have  also  carefully  examined  the  specimens  of  Climatius  in  the 

^  T^an^.  Roy.  Soc.  Canada,  vol.  yi,  sect.  4. 

'  Mem.  Geol.  Survey,  Fig.  and  descrip.  organic  remains,  dec.  x. 

»  Trans.  Edin.  Geol.'  Soc.,  vol.  i. 
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British  Museum  (Natural  History),  Cromwell  Boad,  and  consider 
that  the  above  fish  should  be  placed  in  this  genus,  but  the  crushed 
condition  of  the  specimen  renders  the  determination  of  its  species  one 
of  some  difficulty,  and  it  appears  best  to  leave  this  question  for  later 
consideration.  Besides  the  above  I  have  found  several  detached 
spines  of  this  fish. 

Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit. 

ICHTEnrODORULITES. 

Genus  ACONDYLACANTHUS,  St.  John  &  Worthen,  1875. 

Acondylacaiifhus,  sp.  ? 
One  spine  shows  the  characters  of  this  genus,  but  it  has  suffered 
so  much  from  erosion  that  the  determination  of  its  species  is  im- 
possible. 

Form,  and  loc. :  D  Shales,  Middle  Orits,  Summit. 
Genus  EUCTENODOPSIS,  gen.  nov. 

Enctenodopsis,  sp.  nov. 

This  Ichthyodorulite  is  most  interesting,  and  at  first  sight  might 
easily  be  mistaken  for  a  specimen  of  the  nearly  allied  genus  Euetenius, 
Traquair.  However,  on  a  more  careful  examination  it  is  at  once 
apparent  that  it  does  not  agree  with  the  generic  diagnosis  of  that 
genus,  as  given  by  Dr.  Traquair,*  in  the  important  fact  that,  instead 
of  having  one  end  (the  proximal)  "  rounded  or  blunt,"  this  portion 
is  drawn  out  and  forms  a  more  or  less  spatulate  extension,  which 
appears  to  differ  somewhat  in  texture  from  that  of  the  other  portions 
of  the  spine.  I  say  spine,  as  I  consider  the  Ichthyolite  was  a  dermal 
defence  of  some  Selachian  fish,  and  that  the  spatulate  extension  was 
its  point  of  insertion.  Although  the  spine  is  narrower  and  more 
elongated  than  any  of  the  known  species  of  Mietenius,  still,  in  many 
of  its  characters  it  agrees  with  that  genus,  being  more  or  less 
elliptical  in  form,  laterally  compressed,  one  side  concave,  the  other 
convex,  one  extremity  produced  into  a  long  narrow  extension,  and 
the  convex  margin  is  divided  in  a  comb-like  manner  into  a  number 
of  closely  arranged  blunt-pointed  denticles. 

On  account  of  the  above-mentioned  peculiarity — the  spatulate 
extension  at  its  proximal  end — I  venture  to  place  the  spine  in 
a  new  genus,  for  which  I  propose  the  name  Euctenodopsis,  and, 
on  account  of  its  narrow  and  elongated  form,  with  the  specific 
designation  tenuis. 

Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit.     . 

Family  RHIZODONTID-ffi. 

Genus  STREPSODUS,  Young,  1866. 

Strepsodns  sulcidens,  Hancock  &  Atthey,  1870-1871. 

Mr.  Aitken '  in  his  paper  refers  to  a  tooth  of  Strepsodus,   Mr.  John 

Ward,  F.G.S.,  of  Longton,  who  has  seen  the  specimen,  informs  me 

that  it  was  a  tooth  of  Strepsodns  svXddens, 

Form,  and  loc. :  D  Shales,  Middle  Grits,  Wadsworth  Moor. 

»  Gbol.  Mao.,  Dec.  II,  Vol.  VIII  (1881),  pp.  36-334. 
*  Aitken,  op.  cit. 
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Family  CCELACANTHID-^. 
Genus  G(ELACANTHTJS,  Agassiz,  1836,  1843. 
CoBlacanfhns,  sp.  nov.  ? 
I  have  found  several  slabs  showing  the  remains  of  this  genus,  but 
am  as  yet  not  satisfied  as  to  the  species,  although  I  am  inclined  to 
regard  it  as  new  on  account  of  the  proportion  and  ornamentation  of 
the  head  bones  and  the  sculpture  of  the  scales. 
Form,  and  loc. :  D  Shales,  Middle  Qrits,  Summit. 

Family  PALiEONISCID^. 
Genus  EHADINICHTHYS,   Traquair,    1877. 

Shadinichthys,  sp.  nov. 
Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit. 

Khadinichthys,  sp.  nov.  ? 
Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit. 
Genus  ELONICHTHYS,  Giebel,  1848. 
Elonichthys  Aitkeni,  Traq.,   1886. 
Several  fragments  of  this  fish  have  been  found. 
Form,  and  loc. :  D  Shales,  Middle  Grits  at  Summit  and  Wadsworth 
Moor  ^  (also  B  and  C  Shales,  Middle  Grits  and  the  Rough  Bock,, 
localities  not  given  ^). 

Elonichthys,  sp.  nov. 
Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit. 

Elonichthys,  sp.  nov. 
Form,  and  loc. :  D  Shales,  Middle  Grits,  Summit. 
Genus  ACROLEPIS,  Agassiz,  1833,  1844. 

Acrolepis  Hopkins!,  McCoy,  1855. 

Several  fine  fragmentary  specimens  of  this  fish  have  been  found, 
notably  those  from  Wadsworth  Moor  which  are  in  the  Woodwardian 
Museum,  Cambridge.^ 

Form,  and  loc.  :  D  Shales,  Middle  Grits  at  Summit  and 
Wadsworth  Moor. 

Note. — I  intend  to  fully  describe  the  new  species  later.  Mr.  John 
Ward,  F.G.S.,  who  has  seen  the  specimens,  quite  agrees  with  me 
that  they  are  undoubtedly  new.  The  fish  remains,  with  two  or  three 
exceptions,  are  in  the  author's  cabinets. 

Before  concluding,  I  must  acknowledge,  with  warmest  thanks, 
the  great  obligation  I  am  under  to  Dr.  Henry  Woodward,  F.RS., 
etc.,  and  Dr.  A.  Smith  Woodward,  F.L.S.,  for  allowing  me  to 
examine  and  compare  my  fish  remains  with  those  in  the  Natural 
History  Museum,  Cromwell  Boad.  I  am  also  indebted  to  Mr.  John 
Ward,  F.Q.S.,  for  giving  me  his  opinion  on  the  new  Palseoniscidse. 


*  Wellburn,  op.  cit. 
'  Spencer,  op.  cit. 

9    WpllKiirn     nn     ni'f 


"  spencer,  op.  cit. 
'  Wellburn,  op.  cit. 
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VII. — Oscillations  in  the  Sba-levbl.     (Pakt  II.) 

By  H.  W.  Peabson. 

{Continued  from  the  April  Number,  p.  174.) 

IN  the  "Qallery  of  Nature/'  Milner,  p.  888,  it  is  stated  that  Brighton 
(then  a  mere  village)  in  the  time  of  Elizabeth  (1558-1603) 
^'  stood  npon  a  site  where  the  sea  now  rolls,  and  where  the  ohain 
pier  stands."  We  might  infer  from  this  statement  that  at  Brighton 
ihe  sea^  sinoe  the  date  mentioned,  had  been  elevated  over  the  land. 
We  cannot,  draw  this  oonclusion,  however,  with  certainty,  for  the 
reasons  following : — 

Daring  the  last  century  the  eastern  coast  of  England  has  been 
constantly  eaten  into  by  the  sea ;  churches,  farms,  and  towers  have 
been  repeatedly  devoured  by  the  waves.  In  this  district,  however, 
we  know  that  these  results  have  not  been  caused  by  a  rise  in  surface- 
level  of  the  waters ;  we  know  that  erosion  by  waves  and  currents 
has  been  the  sole  cause  for  these  changes.  It  is  absurd,  therefore, 
to  assume  that  Brighton  during  the  last  few  centuries  has  alone 
suffered  submergence,  while  all  Britain  has  elsewhere  undergone 
continual  upheaval.  Erosion,  then,  is  the  more  probable  explanation 
of  this  item,  and  it  should  not  be  held  as  evidence  conflicting  with 
our  curve. 

A  conflicting  point  of  great  weight  was  found  in  Rear- Admiral 
Smyth's  statement,  that  the  city  of  Spina  in  the  time  of  Scylax  ''was 
^^ut  2i  miles  from  the  sea,  but  in  less  than  600  years  afterwards 
Strabo  describes  it  as  being  90  stadia,  or  more  than  eleven  miles 
inland  "  (  "  The  Mediterranean,"  p.  47).  This  remark  of  Smyth's 
as  to  the  600  years  disturbed  me.  Our  period  of  vibration  in  the 
sea-level  at  the  time  mentioned  being  perhaps  a  little  short  of 
^00  years,  there  should  have  been  little  change  in  Spina's  distance 
from  the  sea  at  these  two  epochs.  On  investigation,  however, 
I  found  that  there  were  two  or  three  writers  of  this  name.  I  believe, 
-therefore,  that  Smyth,  like  others  before  him,  has  confounded  Scylax 
of  Caryanda,  author  of  the  **  Periplus  "  of  the  Mediterranean,  who 
wrote  about  335  b.o.  (Miiller)  or  352  b.o.  (Niebuhr),  with  the  Scylax 
of  Caryanda  who  explored  the  Indus  for  Darius  perhaps  515  b.o. 
or  a  little  later.     (See  Enoyc.  Brit,  article  Seylax.) 

It  seems  much  more  probable  to  me  that  information  as  to  the 
shores  of  the  Adriatic  should  be  found  in  the  writings  of  the  later 
Scylax.  I  therefore,  with  some  reason,  assume  that  in  this  case 
I  am  more  liable  to  find  two  poinU  confirmatory  of  my  curve,  one  for 
the  low- water  period  of  the  epoch  of  Strabo,  the  other  for  the  high- 
water  period  of  the  later  Scylax,  rather  than  a  conflicting  point  as  it 
first  appeared  on  my  diagram. 

Strabo  (Bk.  xvi,  chap.  4)  describes  the  harbour  of  Charmothas, 
Arabia,  as,  at  the  time  of  his  writing,  apparently  in  actual  existence. 
Under  the  same  chapter,  however,  in  a  footnote  from  Oossellin,  we 
learn  that  to-day,  from  the  accumulation  of  soil,  this  harbour  "is 
more  than  a  day's  journey  into  the  interior  of  the  country."  This 
recession  should  not  be ;   no  retreat  of  the  sea,  if  our  curve  is  to 
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be  depended  on,  can  have  occurred   since  Strabo's  epoch ;    thi» 
observation  is  therefore  strongly  antagonistic  to  our  conclusions. 

On  investigation,  however,  we  learn  that  Strabo's  statement  was 
borrowed  from  Artemidorus,  who  in  his  turn  had  borrowed  his 
description  from  Agatharchides,  146  b.o.  or  thereabouts.  We  find, 
when  we  thus  traoe  the  observation  to  its  true  date,  that  all 
antagonism  disappears.  Agatharchides  flourished  during  a  high- 
water  period,  consequently  the  observed  recession  could  have  been 
foretold  from  inspection  of  our  curve.  (For  discussion  of  true  date 
see  Hamilton  &  Falconer's  Translation,  vol.  iii,  p.  192.) 

On  theoretical  grounds,  the  high  sea-level  culminating  about 
250  B.C.  may,  it  seems  to  me,  need  moving  back  perhaps  50  years 
or  thereabouts.  This  idea  is  derived  from  the  following 
considerations : — 

Our  curve  was  drawn  centrally  through  the  preponderating 
masses  of  dots.  Now  it  is  well  known  that  information  such  as 
used  in  this  work  becomes  more  and  more  scanty  as  we  go 
backwards  in  time.  While  mnch  evidence  exists  between  the  era 
of  Augustus  and  the  fall  of  the  Western  Boman  Empire,  476  a.d.,  it 
rapidly  decreases  as  we  pass  to  the  period  before  Caesar ;  therefore 
we  must  anticipate  that  our  observed  points  will  be  relatively 
greater  in  number  for  the  same  high  sea-level  as  we  approach  from 
250  B.O.  to  the  time  of  Christ.  The  greater  accumulation  of  points  at 
the  later  dates  consequently  has  probably  brought  the  apex  of  our 
curve  somewhat  too  near  the  time  of  the  Christian  era.  How 
much  distortion  there  may  be  found  properly  due  to  this  cause 
further  research  may  determine. 

If  later  investigation  shall  allow  this  shifting  of  the  curve  at  the 
epoch  250  b.o.  as  suggested,  it  would  result  in  removing  one  more 
of  our  conflicting  points,  viz.,  that  Beclus  tells  us  at  the  time  of  the 
Battle  of  Thermopyl»  (480  b.o.)  the  sea  extended  much  farther  into 
the  land  than  now.  The  curve  as  now  drawn  would  show  the  sea- 
level  at  the  date  of  battle  but  slightly  above  the  present  level ;  this 
shifting  would  increase  considerably  its  altitude  at  that  time,  and 
would  better  satisfy  the  requirements  of  Beclus'  remark. 

A  few  points  I  am  at  present  unable  to  explain :  for  instance, 
Bear-Admiral  Smyth  calls  attention  to  certain  ruins  near  the  town 
of  Nettuno,  Italy,  ''among  which  is  Astura,  so  long  the  residence 
of  Cicero  ....  now  submerged  in  the  sea."  Daring 
the  later  years  of  Cicero  (106-43  b.o.)  our  curve  calls  for  a  sea- 
level  differing  but  little  from  the  present ;  a  sea-level,  in  fact, 
slightly  above  that  of  to-day.  No  building,  therefore,  then  above 
the  sea  should  be  now  submerged.  I  feel  confident  that  some 
mistake  will  eventually  be  found  in  this  statement.  It  may  be  that 
the  residence  of  Cicero  has  not  been  identified  with  certainty,  or  it 
may  be  that  near  Nettuno,  as  in  the  Bay  of  Baie,  foundations  of 
buildings  were  erected  in  the  sea.  At  present  however,  this  item 
remains  a  conflicting  point,  antagonistic  to  our  curve.  I  have  no 
item  more  unyielding  than  this. 

The  above  analysis  illustrates  the  character  of  the  examination 
bestowed  on  the  testimony  found  conflicting  with  our  curve.     Lack 
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of  spaoe  now  forbids  a  more  oomplete  disoussion  of  this  matter. 
I  will  say,  however,  that  a  recent  canvass  of  over  500  manoscript 
pages  of  these  changes  demonstrates  that  the  conflicting  points, 
aoonmolated  daring  many  years  of  continuous  search,  aggregate 
less  than  4  per  cent  of  the  total  items  collected.  Over  96 
per  cent  of  the  testimony  thus  indiscrimiuately  gathered  falls  into 
harmony  with  our  curve. 

It  seems  impossible  that  the  extraordinary  method  appearing  in 
this  matter  should  be  the  result  of  chance.  I  believe  firmly, 
therefore,  that  law  prevails  in  these  oscillations,  and  while  Uus 
preliminary  examination  has  as  yet  not  been  carried  far  enough  to 
establish  this  position,  it  renders  our  conclusions  most  extremely 
probable.  When  this  work  was  first  entered  upon,  some  years 
since,  I  had  little  knowledge  of  what  had  been  done  before  me 
in  this  field,  but  I  soon  found  much  had  been  done ;  I  am  far  from 
being  the  first  to  announce  '<  Oscillations  in  Hie  Sea-level." 

Aristotle  (384-322  b.o.)  had  suspected  them ;  he  stated  '<  there  is 
reason  for  thinking  that  these  changes  (replacement  of  land  by  sea, 
and  vice  ver$d)  take  place  according  to  a  certain  system  and  within 
a  certain  period  "  (<'  Principles,"  9th  ed.,  p.  13). 

Ovid  (43  B.o.  to  17  a.d.)  makes  Pythagoras  say  in  regard  to  these 
oscillations — 

*'  The  face  of  places  and  their  fonns  decay. 
And  that  is  solid  earth  which  once  was  sea : 
Seas  in  their  torn  retreating  from  the  shore, 
Kake  solid  land  what  Ocean  was  before ; 


Antista,  Pharos,  Tyre,  in  seas  were  pent. 
Once  isles,  but  now  increase  the  connnent ; 
While  the  Leucadian  coast,  mainland  before, 
By  rushing  seas  is  serered  from  the  shore, 
And  men  once  walked  where  ships  at  anchor  ride. 
Till  Neptune  overlooked  the  narrow  way, 
And  in  disdain  poured  in  the  conquering  sea.*' 

Metamorphotet,  Bk.  xv,  Addison's  translation. 

Ovid  has  introduced  here  events  that  occurred  both  before  and  after 
the  time  of  Pythagoras  (580  to  500  b.o.).  They  all  bear  testimony, 
however,  to  the  ever  recurring  nature  of  these  changes,  even  if  the 
dates  and  order  of  sequence  be  somewhat  confused.  (See  **  Popular 
History  of  Science,"  Boutledge,  p.  17.) 

Sir  Charles  Lyell  ('<  Principles,"  9th  ed.,  p.  526)  had  reason  to 
suspect  that  the  upheaval  of  Scandinavia,  in  progress  at  the  time  of 
his  visit,  had  not  always  proceeded  at  the  same  rate,  and  that  the 
motion  had  not  been  invariably  in  one  direction.  He  says :  **  Some 
phenomena  in  the  neighbourhood  of  Stockholm  appear  to  me  only 
explicable  on  the  supposition  of  the  alternate  rising  and  sinking  of 
the  ground  since  the  country  was  inhabited  by  man." 

Mr.  B.  C.  H.  Brown  has  many  times  denied  the  doctrine  of 
upheaval  of  coastline,  and  has  urged  change  in  absolute  level  of  the 
sea  from  astronomical  causes  in  its  stead.^ 

'  See  Report  Brit.  Assoc.  Ad.  of  Science,  1890,  p.  824  ;  Quart.  Joum.  Oeol.  Soc., 
▼ol.  xlri,  p.  122. 

DBOADB  IT. — TOL.  Till. — KO.  T.  15 


Digitized  by  VjOOQ IC 


226  H.  W.  Pearson— Oscillations  of  Sea-level. 

Eli86e  Beclus,  in  "The  Earth/'  discusses  at  length  the  subject  of 
upheaval  and  depression  of  shore-lines;  he  shows  the  inability  of 
sedimentary  processes  to  account  for  the  shoaling  of  the  many  ports 
of  the  Mediterranean  or  for  the  advance  of  the  coastlines  into  the 
sea ;  he  says,  in  these  matters,  **  we  are  witnessing  the  phenomena 
of  a  vertical  impulse "  (p.  539) ;  on  p.  542  he  shows  us  that  this 
''vertical  impulse"  has  affected  the  entire  area  of  the  Mediterranean. 
The  study  of  these  and  similar  upheavals  and  depressions  over  the 
earth's  surface  leads  him  to  say :  <'  As  will  be  understood,  these 
regular  oscillations  must  take  place  in  obedience  to  some  general 
law  still  unknown,  although  none  the  less  certain  "  (p.  566).  We 
should  note  here,  that  while  Reclus  attributes  these  oscillations  to 
movements  of  the  earth,  it  is  impossible  to  distinguish  such  move- 
ments from  oscillations  in  the  sea ;  the  effect  is  precisely  the  same  in 
either  case. 

Bear- Admiral  Smyth  seems  to  have  noted  these  oscillations;  be 
says :  "  It  is  decided,  upon  what  appears  to  be  sound  geological 
evidence,  that  a  great  part  of  the  Italian  coast  has  been  raised  and 
lowered  several  times  within  the  historical  era,  while  the  sea  most 
have  ever  maintained  the  same  level "  {"  The  Mediterranean,"  p.  26). 
Again,  on  p.  28  he  remarks :  '*  It  may  be  safely  concluded  that  the 
land  has  risen  and  fallen  twice  since  the  Christian  era,  and  that  each 
movement  of  elevation  and  subsidence  has  exceeded  twenty  feet." 

Mr.  P.  Thompson,  in  **The  History  and  Antiquities  of  Boston," 
has  shown  that  these  same  oscillations  have  occurred  in  the  Fens 
of  England.  On  p.  660  he  demonstrates  these  changes  to  have  been 
four  in  number  since  the  time  of  the  Bomans,  two  periods  of 
inundation  and  two  periods  of  desiccation,  but  tiiese  periods  can 
also  be  determined  from  the  data  attached  to  this  argument  Oscil- 
lations of  the  sea-level  have  also  been  shown  at  Bye  and  Winchelsea 
and  in  the  English  Ohannel,  the  latter  by  Peacock. 

We  note,  however,  that  the  above  quoted  authorities,  although 
they  may  have  suspected  these  oscillations,  or  may  have  actually 
observed  them,  have  in  no  case  attempted  to  control  these  phenomena 
by  law  or  to  determine  the  period  of  vibration.  Law  has  been 
invoked,  however,  by  Professor  Edouard  Suess  and  by  Trautschold, 
a  quotation  from  this  latter  having  been  previously  given,  notwith- 
standing the  **  resolve  to  abandon  the  doctrine  of  secular  oscillations 
of  continents"  (Suess),  and  the  adoption  of  periodic  fluctuations 
in  the  sea-level  in  its  stead.  I  am  unable  to  learn  that  either  of 
these  gentlemen  has  attempted  determination  of  the  period  of  these 
fluctuations ;  it  may  therefore  be  possible  that  this  is  the  first  attempt 
in  that  direction. 

I  show  no  curve  beyond  the  400  b.o.  At  this  period  the  evidence 
which  I  have  been  able  to  collect  becomes  uncertain,  scanty,  and 
the  dates  are  very  unreliable.  The  Deucalion  Deluge,  the  Ogygian 
Deluge,  and  the  Deluge  of  Samothrace  furnish  data  at  remote  and 
uncertain  periods,  ll^e  books  of  Homer,  of  Herodotus,  of  Strabo, 
of  Ptolemy,  and  other  ancient  writers  supply  much  information  as 
to  the  position  of  the  sea-level  at  periods  from  600  to  200  b.c.  ;  but 
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owing  to  the  habit  those  anoient  writers  had  of  desoribing  a  oity, 
an  island,  a  peninsula,  or  a  ooastline,  in  terms  borrowed  from  some 
still  earlier  and  more  anoient  writer,  it  is  at  times  diffioult  to  decide 
as  to  the  particular  date  at  whioh  the  description  fitted  the  object. 
The  testimony  so  gathered  is  therefore  very  conflicting  in  its  nature. 
I  believe,  however,  that  we  find  the  amplitude  of  vertical  vibration 
in  the  waters  very  much  greater  at  that  time  than  now,  and  the 
period  of  change  reduced  to  approximately  500  years. 

It  is  evident  from  what  has  gone  before,  that  these  oscillations 
have  had  a  continuous  existence  for  the  last  2,400  years.  In  this 
paper  we  show  strong  evidence  that  these  phenomena  are  periodic 
in  their  nature,  and  £at  the  periods  of  these  cycles  are  capable  of 
determination.  It  is  also  equally  evident,  if  any  weight  be  attached 
to  the  facts  herein  contained,  tlmt  the  whole  Northern  Hemisphere, 
during  the  last  three  hundred  years  or  more,  has  been  subject  to 
a  general  protrusion  above  the  level  of  the  sea. 

Let  us  now  consider,  then,  those  evidences  as  to  present  opposing 
movement  of  shore-lines,  to  which  attention  has  alr^Ehdy  been  called ; 
movements  which,  at  the  first  glance,  seem  to  deny  so  positively  the 
conclusions  arrived  at  in  the  above  discussion. 

To  open  the  argument,  I  believe  we  maintain  with  great  reason, 
that  if  there  has  been  a  bodily  transference  during  the  last  few 
centuries,  of  a  considerable  mass  of  water  from  the  Northern 
Hemisphere  to  the  Southern,  there  must,  coexistent  with  this 
transfer,  have  been  considerable  decreaBe  in  flow  of  currente  running 
to  the  north  and  corresponding  increa$e  in  currente  flowing  to 
the  south. 

Now  then,  acting  on  this  assumption,  the  writer  has  shown  in  the 
American  Geologist  for  September,  1899,  perfect  explanation  of 
these  apparently  irregular  motions;  it  is  there  shown  that  every 
observed  case  of  apparent  upheaval  on  one  coastline,  coincident 
with  subsidence  on  another,  can  be  foretold  by  law,  and  that  instead 
of  these  motions  being  opposed  to  our  conclusions,  they  are  directly 
confirmatory  thereof,  it  being  demonstrated  that  no  transference 
of  water  to  the  south  can  occur,  no  upheaval  of  northern  shore- 
lines can  take  place,  without  a  corresponding  subsidence  on 
the  coasto  of  the  Eastern  United  Stotes,  and  also  on  the  borders  of 
such  other  lands  as  may  be  similarly  situated  with  regard  to  ocean 
currente. 

I  will  not  repeat  all  the  argumente  used  in  the  paper  mentioned, 
but  will  stete  that  our  case  hinges  on  the  law  of  deformation  of 
ocean  levels  by  ocean  currente,  as  announced  by  William  Ferrell 
in  Science,  vol.  vii.  He  says :  **  In  the  North  Atlantic  the 
tendency  to  flow  eastward  in  the  middle  and  higher  latitudes  causes 
a  slight  heaping  up  of  the  water  and  a  rise  of  surface-level  adjacent 
to  the  coast  of  Europe,  and  a  drawing  away  of  the  water  and 
a  depression  of  sea-level  along  the  north-east  coast  of  the  United 
Stetes  "  (p.  76). 

1  have  shown  in  the  periodical  mentioned  that  the  waters 
around   the  British  Islands  and  on  the   Scandinavian  shores  are 
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now  piled,  oertainly  5  feet  (probably  mach  more  on  the  coast  of 
Norway)  above  the  normal  sea-level,  and  that  the  waters  on  the 
eastern  borders  of  the  United  States  are  correspondingly  depressed. 
It  follows,  therefore,  that  if  the  Onlf  Stieam— that  force  which 
now  restrains  these  waters  in  their  abnormal  position — should 
decrease  bnt  slighUy  in  its  velocity  of  flow,  the  oceanic  surface 
would  at  once  return  in  part  towards  that  normal  level  from  which 
it  has  so  lone  been  displaced ;  in  other  words,  Scandinavia  and  the 
British  Islands  would  enter  upon  an  epoch  of  upheaval,  the  Carolinas 
upon  an  epoch  of  subsidence.  As  we  have  seen,  the  recent 
protrusions  of  the  north  renders  certain  the  fact  that  a  great  mass  of 
water  has  recently  disappeared  from  this  hemisphere.  The  transfer 
of  this  water  to  the  south  makes  an  equal  certainty  that  coexistent 
with  this  removal  all  northward-flowing  currents  should  have 
decreased  in  their  velocity  of  flow.  It  is  dear,  therefore,  that  these 
opposing  motions  in  our  coastlines  can  be  reduced  to  law  and  fore- 
told in  advance  of  observation. 

We  have  reason  to  believe,  however,  that  apparent  upheavals  or 
subsidences  due  to  this  cause  will  not  at  any  time  exceed  2  or 
3  feet  in  vertical  movement,  and  they  consequently  are  of  little 
importance  as  compared  with  the  periodic  vibrations  of  15  or 
20  feet  over  an  entire  hemisphere,  as  developed  herein.  It  never- 
theless is  important  to  detect  and  eliminate  these  minor  deviations, 
when  we  attempt  the  general  investigation  of  coastal  phenomena. 
For  a  more  extended,  although  still  very  incomplete  discussion  of 
Ferrell's  law,  see  the  American  Oeologist,  as  before  mentioned. 

To  those  who  may  wish  to  extend  these  investigations — and  there 
is  great  opportunity  for  such  extension— caution  should  be  given 
against  relying  on  evidence  as  to  changes  in  the  sea-level  gathered 
near  the  mouths  of  great  rivers  or  in  deltas  like  those  of  the 
Nile,  Po,  Bhone,  Rhine,  Mississippi,  etc.  These  delta  deposits, 
independent  of  their  surroundings,  are  all  sinking  bodily  and 
spreading  laterally,  probably  under  some  process  of  disgorgement 
of  their  water  contents.  Much  evidence  of  fJiis  exists.  For  instance, 
E.  L.  Oorthell  says  the  delta  lands  of  the  Mississippi  are  unstable 
both  in  vertical  and  lateral  direction.  A  base-line  700  feet  long, 
measured  accurately,  had  in  five  years  increased  to  712  feet  He 
also  quotes  from  the  Beport  of  the  Mississippi  River  Oommission : 
''Discrepancies  in  beach  marks,  level  heights,  and  gauges  could 
only  be  satisfactorily  accounted  for  by  the  most  plausible  explanation 
of  the  subsidence  of  the  whole  delta"  (The  National  Oeographie 
Magazine,  December,  1897). 

M.  Staring  is  of  the  opinion  that  the  gradual  depression  of  Holland 
**  is  caused  only  by  the  subsidence  of  the  alluvial  ground,  the  weight 
of  the  dikes,  and  the  incessant  passage  of  men  and  cattle ''  (Redus, 
«The  Eiarth,'*  p.  547).  Regions  like  the  northern  and  western 
Rhores  of  the  Adriatic,  the  deltas  of  the  Rhine  and  Mississippi,  should 
thus  be  avoided ;  the  settlement  of  these  delta  deposits  may  obliterate 
the  vertical  movements  in  the  aqueous  envelope ;  observations  made 
along  rock-bound  coasts  only  are  trustworthy. 
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From  the  argmnent  preoeding  it  seems  necessary  to  oonolude  that 
in  fatare  stadj  of  changes  in  the  sea-level,  discrimination  must  be 
made  between  each  of  the  following  causes  which  may  affect  the 
oceanic  borders : — 

1.  Seek  the  effects  produced  by  the  bodily  transference  of  water 
to  and  from  the  north.  These  effects  would  be  universal  over  one 
hemisphere. 

2.  Betect  and  eliminate  those  movements  of  upheaval  or  depression 
due  to  variation  in  flow  of  ocean  currents  under  the  operation  of 
Ferrell's  law.    These  effects  are  local  in  their  nature. 

8.  In  deltas  always  suspect  that  any  observed  depression  may  be 
due  to  a  local  settlement  of  the  ground  itself,  and  such  data  Uieie 
gathered  may  offer  no  argument  whatever  in  favour  of  a  rise  in 
sea-level. 

4^  Eliminate  and  avoid  such  coastal  changes  as  may  be  due  to 
eromon  of  or  accretion  to  shore-lines.  In  c^mges  of  this  century 
it  is  generally  possible  to  do  this.  In  changes  that  have  occurred 
in  the  distant  past  we  shall  find  much  difficulty  in  separating  results 
of  erosion  or  accretion  from  the  results  of  real  changes  in  the 
sea-level;  therefore,  in  past  ages  much  testimony  will  be  found 
accumulated  against  us  which  our  analysis  will  be  unable  to 
remove ;  we  must  expect,  therefore,  many  of  these  apparently  con- 
flicting observations. 

All  the  evidence  discussed  hereto  has  been  gathered  on  the  oceanic 
coastlines ;  these  data,  as  we  have  seen,  testify  to  a  recent  protrusion 
of  the  entire  north,  and  that  this  apparent  vertical  uplift  increased 
in  amount  as  we  approach  the  Pole.  There  is,  however,  evidence  in 
existence,  obtained  from  our  great  lakes,  showing  the  same  law  of 
greater  elevation  to  the  north. 

Mr.  a.  E.  aUbert,  in  the  18th  Ann.  Bep.  U.S.  QeoL  Survey,  has 
shown  that  this  excess  of  upheaval  at  the  north  has  been  of  recent 
occurrence  in  the  interior  of  our  continent.  A  careful  study  of  the 
changes  in  level,  during  the  present  century,  of  the  great  lakes 
enables  Gilbert  to  announce  this  law  with  certainty. 

With  his  inferential  conclusions,  however,  in  the  light  of  our  own 
investigation,  we  are  compelled  to  differ.  He  assumes  that  this 
motion  may  continue  indefinitely,  and  if  so,  he  shows  that  in  time 
the  Niagara  Falls  will  cease  their  flow,  and  a  new  outlet  to  the  great 
lakes  be  placed  in  operation  near  Chicago.  This  result  he  reaches 
in  a  logical  manner  from  the  data  examined,  but  we  see  that 
observations  reaching  back  only  one  hundred  years  allow  us  to  form 
no  certain  opinion  as  to  whether  this  motion  will  continue  indefinitely 
in  one  direction  or  otherwise.  Then,  again,  the  area  of  investigation 
was  of  too  limited  a  character.  We  have  seen  that  to  obtain  the  law 
governing  these  risings  and  sinkings,  it  is  not  only  necessary  to 
study  at  one  field  of  view  the  entire  Northern  Hemisphere,  but  to 
cany  our  investigation  back  in  time  as  far  as  history  or  tradition 
will  allow.  When  this  has  been  done  we  see  that  Qilbert's  observed 
changes  in  level  fall  into  line  as  part  and  parcel  of  one  complete 
system,  universal  over  the  entire  North. 
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The  oaofie  of  this  Tibration  in  the  ooeanio  waters  it  is  perhaps 
too  early  to  disoass;  the  oscillations  should  be  first  established 
beyond  a  doubt  The  most  plausible  explanation  of  the  last  ohange» 
however,  would  seem  to  rest  in  a  possible  continued  increase  in 
growth  of  the  South  Polar  glaciers  during  the  last  few  centuries, 
contemporaneous  with  that  general  decrease  in  nearly  all  Northern 
glaciers  which,  during  the  period  mentioned,  we  know  has  been 
in  progress.  If  we  could  invoke  this  cause,  the  recent  oscillation 
mentioned  would  then  be  a  physical  necessity. 

The  question  raised  in  this  paper,  and  the  results  that  have  been 
reached,  seem  to  warrant  certain  inferences  or  speculations,  some  of 
which  are  liable  to  be  of  considerable  importance.  For  instance, 
we  know  that  the  landing-place  of  Columbus  in  1492  has  not  yet 
been  positively  identified ;  our  curve,  however,  calls  for  a  sea-level 
at  that  latitude  and  date  some  12  to  15  feet  higher  than  at  present 
The  question  is,  would  the  change  in  topography  produced  by 
assuming  the  sea  at  its  old  position  aid  us  in  reaching  final  con- 
clusion in  this  matter. 

As  our  curve  for  time  past  indicates  a  series  of  regular  cycles 
with  a  period  of  about  640  years,  must  we  not  suppose  our  oceanic 
surface  will  again  rise  in  the  north,  reaching  its  maximum  shortly 
after  the  year  2100.  If  we  prolong  this  curve,  as  suggested,  we 
must  conclude  that  disaster,  as  repeatedly  in  the  past,  will  soon 
again  overwhelm  our  northern  coastlines.  Are  such  cities  as  London, 
Liverpool,  and  New  York  ready  for  this  advancing  sea,  and  has 
such  a  region  as  Holland  any  too  much  time  for  preparation  ? 

If  our  curve  has  been  correctly  mapped  out,  we  must  suppose  that 
the  northerly  movement  of  the  waters  has  already  commenced,  or 
that  it  will  very  shortly  appear.  This  movement  should  be  first 
shown  in  cessation  of  tiie  so-called  upheaval  of  Scandinavia,  and 
that  region  should  soon  appear  to  be  undergoing  subsidence,  while, 
at  the  same  time,  the  coasts  of  New  Jersey  will  enter  an  epoch  of 
upheaval.  We  might,  with  great  propriety,  be  on  the  look  out  for 
these  changes. 

Lord  Kelvin  has  shown  us  how  one  inch  of  water  taken  from  the 
surface  of  the  sea,  and  piled  up  as  ice  at  the  Pole,  would  appreciably 
affect  the  rotation  of  the  earth ;  we  can  reasonably  expect,  therefore, 
that  these  oscillations  to  and  fro  from  the  Poles  to  the  Equator 
of  15  or  20  feet,  as  our  arguments  and  facts  seem  to  require, 
should  have  considerable  effect  in  altering  the  length  of  our  day. 
In  fact,  in  this  discussion  we  may,  and  probably  will,  find 
confirmation  of  Newoomb's  surmise,  that  the  hitherto  unexplainable 
irregularities  in  the  moon's  motions  may  be  due  to  slight  changes  in 
the  earth's  axial  rotation,  which  rotation  perhaps  *'  varies  from  time 
to  time  in  an  irregular  manner"  ("  Popular  Astronomy,"  p.  101). 

We  thus  see  that  there  are  reasons,  many  and  weighty,  inducing  us 
to  pursue  this  investigation  to  greater  extent.  Notwithstanding  the 
considerable  attention  given  to  the  subject  by  this  writer,  a  research 
involving  the  labour  of  many  years,  we  are  as  yet  merely  on  the 
threshold  of  the  inquiry.     Years  could  be  devoted  to  the  comparison 
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of  anoient  and  modem  maps  and  charts.  A  lifetime  conld  be 
expended  on  the  emerged  and  submerged  rains  of  Ostia,  Carthage^ 
Utica,  the  Pineus,  Alexandria,  the  Bay  of  Baie,  Tyre,  Miletus,  and 
other  places  too  numerous  to  mention  on  the  ancient  elevated  or 
depressed  coastlines  of  the  Mediterranean.  This  task  is  far  beyond 
the  capacity  of  an  individual.  Law,  if  once  established  in  this 
matter,  is  of  universal  value  and  importance.  The  obscurity 
shrouding  these  emerged  and  submerged  cities  already  seems  less 
dark  than  before. 

I  earnestly  hope,  therefore,  that  some  scientific  body  will  under- 
take to  assist  in  extending  this  investigation,  thus  enabling  us  to 
shed  still  additional  light  on  these  perplexing  oscillations  of  the  sea 
which  we  have  been  considering. 

{To  he  eoneludsd  m  our  next  Ifumber,) 


I^  E  V  I  E  "W"  S. 


Sub    les    Fouilles   db    1899   db   debris    db  Vebt£bb£s    dans 
LBS   depots   Pbbmibns    db   la   Bussib   du   Nobd.      Par  V. 
Amalitzky.     pp.  25,  with  5  plates.     Expose  fait  k  I'Assembl^e 
generale  de  la  Soc.  Imp.  des  naturalistes  d  St.-Petersbourg,  le 
28  Decembre,  1899.     (Varsovie,  1900.) 
T>BOFESSOE   AMALITZKY  has  for  several  years  past  been 
JL      engaged  in  working  out  the  structure  and  history  of  the  fresh- 
water deposits  of  Palssozoic  age  in  the  northern  governments  of 
BuBsia,  and  in  the  present  paper  he  treats  of  some  general  questions 
in  connection  with  his  investigations,  and  further  gives  a  detailed 
account  of  some  explorations  in  Upper  Permian  strata  on  the  banks 
of  the  Little  Dwina,  which  resulted  in  the  discovery  of  numerous 
plant  and  animal  remains  of  considerable  interest  from  their  close 
relationship  to  the  flora  and  fauna  of  the  Gondwana  beds  in  India, 
the  Karoo  formation  of  South  Africa,  and  deposits  of  corresponding 
age  in  Brazil  and  Australia.     Some  of  the  reptilian  remains,  more- 
over, present  a  close  resemblance  to  the  genera  Elginia  and  Oordonia 
described  by  E.  T.  Newton  from  the  Elgin  sandstones. 

The  lowest  fresh-water  deposits  recognized  by  Amalitzky  in  the 
north  of  Bussia  are  red  sandstones  situated  at  Mount  Andoma,  on 
the  east  side  of  Lake  Onega,  and,  more  to  the  east,  at  Oust-Pin%a 
on  the  Northern  Dwina.  They  contain  lamellibranch  shells  be- 
longing to  the  genera  Carhonicola^  Anihracosia,  Archanodonta,  etc., 
allied  to  the  Anthracosidad  of  the  Bussian  Carboniferous.  The  beds 
are  of  Upper  Devonian  age,  and  may  be  ranked  with  the  Old  Bed 
Sandstones  of  Scotland,  the  Kiltorkan  beds  of  Ireland,  and  the 
Catskill  formation  of  North  America.  The  only  fresh-water  for- 
mations of  Carboniferous  age  observed  by  the  author  are  the  sands 
of  the  Lower  Carboniferous  at  Mount  Patrova,  in  the  Vyt6gra 
district,  which  have  been  shown  by  Inostrantsev  to  be  a  direct 
continuation  of  the  Devonian  sandstones  of  Andoma.  Higher  up 
in  the  geological  series,  exclusively  marine  deposits  persist  from 
the  Lower  Carboniferous  sandstones  with  Productua  giganteu$  in  the 
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Vy  tegra  distriot,  and  more  eastward  at  Oust-Pinega,  from  the  Upper 
Oarboniferous  sandstones  with  Spirifer  moBquentUt  quite  ap  to  the 
Lower  Permian,  The  Upper  Permian  deposits,  on  Uie  other  hand, 
shown  on  the  banks  of  the  lower  part  of  the  Biver  Suohona  and  near 
the  sources  of  the  Little  Dwina  of  the  North,  exhibit  fresh-water 
characters  very  distinctly.  They  consist  of  nearly  horizontal  beds 
of  marl  with  intercalated  lenticular  beds  of  sand  and  sandstone. 
For  a  long  period  these  strata  were  considered  to  be  destitute  of 
fossils;  none  were  found  in  them  by  Murchison,  Eeyserling,  or 
Blasius,  and  they  were  neglected  by  the  Russian  geologists  by  reason 
of  this  reputed  barrenness. 

Professor  Amalitzky  has,  however,  demonstrated  by  his  dis- 
coveries during  the  last  four  years  that  they  contain  a  rich  flora 
and  fauna.  Amongst  the  plant  remains  the  most  important  are 
QloMSopteris  indiea,  01  angusUfolia,  (Vertebraria),  Oangamopteri* 
mqfor,  Taniopieris,  Sphenapteris,  CaUipteris  of.  con/erto,  besides 
EquUetum,  Noeggeraihiopns,  and  forms  like  Sehizanewea.  The  fauna 
includes  a  number  of  fresh-water  lamellibranchs,  such  as  Palaomutela 
InoBtranzewi,  P.  Keyserlingi,  P.  VemeuiU,  Oligodon,  Palaanodontaf 
Carhanicola,  Anthracosia,  and  Anthraeamya;  the  Crustacean  genera 
£sikeria  and  Cypris,  together  with  the  plates  and  impressions  of 
Oanoid  fishes.  Land  animals  are  represented  by  amphibians 
approaching  Melanerpeton  and  Paehygonia,  and  a  great  number  of 
bones  of  theromorphian  reptiles  belonging  to  the  rareiasauria  and 
Dicynodontia,  amongst  which  Parettuaurus  and  Dieynodon  have  been 
definitely  determin^,  and  also  forms  much  resembling  Elginia  and 
Gordaniii. 

These  discoveries  have  confirmed  the  opinion  of  the  author  as 
to  the  great  resemblance  from  a  palsdontological  point  of  view 
between  the  Continental  fresh-water  deposits  of  the  Upper  Permian 
and  those  of  the  Lower  Karoo  in  Africa  and  of  the  Qondwana  in 
India ;  and  he  is  led  to  conclude  that  the  compact  continent  whidi 
during  the  Permian  epoch  occupied  Central  and  Southern  Africa, 
Lidia,  Australia,  Argentina,  and  part  of  Brazil  extended  as  far  as 
European  Bussia,  and  that  the  bond  which  united  these  countries 
was  on  one  side  the  Continental  deposits  of  Gondwana  in  Lidia  and 
on  the  other  the  similar  deposits  of  Eouzniets  in  Siberia. 

The  explorations  carried  out  by  Professor  Amalitzky  during  the 
Summer  of  1899,  which  form  the  main  subject  of  the  present  paper, 
were  made  at  a  spot  on  the  steep  right  bank  of  the  Upper  Dwina  of 
the  North,  near  the  village  of  Kotlas.  For  a  distance  of  about  ten 
kilometres  the  river  bank  is  composed  of  Permian  rocks  overlain  by 
beds  of  clay,  with  pebbles  and  large  stones  of  ciystalline  rocks,  of 
Post-Pliocene  age.  The  Permian  beds  have  a  slight  dip  towards 
the  N.N.E. ;  they  consist  of  a  series  of  marls  of  very  uniform 
characters;  the  upper  beds  are  of  a  reddish-brown  tint,  witii 
a  persistent  layer  of  white  siliceo  -  dolomitic  limestone,  in  some 
places  becoming  dolomitic,  in  others  a  siliceous  rock.  These  upper 
marls  rest  with  a  slight  discordance  on  lower  marls,  also  reddidi- 
brown,  and  not  dissimilar  to  the  upper  beds ;  a  thickness  of  about 
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24  metres  is  exposed  of  the  lower  marls.  At  the  line  where  these 
marls  oome  together  there  is  a  series  of  remarkable  lentioolar  beds 
of  sand  resting  in  trenohes  eroded  in  the  lower  marls  and  anoon- 
formably  overlaid  by  the  npper  beds.  Five  of  these  lentionlar  sand 
beds  are  shown  in  section  in  the  steep  river  banks  in  the  coarse 
of  the  ten  kilometres  referred  to.  The  particular  bed  excavated, 
situated  at  Sokolki,  was  12  metres  thick  in  its  central  portion, 
with  a  breadth  of  about  80  metres.  The  bed  contained  nameroas 
irregular,  hard  concretions  of  sand  cemented  with  carbonate  of  lime, 
and  in  some  of  these  the  reptilian  bones  were  enclosed.  As  the 
bank  at  this  place  was  vertical,  and  the  higher  portions  were  even 
overhanging,  the  only  practicable  means  of  reaching  the  fossiliferous 
lenticular  deposit  was  by  digging  down  to  it  from  above,  which 
entailed  much  labour,  and  a  further  difficulty  was  caused  by  the  fact 
that  at  a  depth  of  1*5  m.  from  the  surface  the  soil,  at  the  end  of 
June,  was  frozen  hard,  and  the  small  fissures  and  cavities  were  lined 
with  ice. 

Many  impressions  of  large  fronds  of  Olossopteris  were  met  with 
in  some  of  the  sandy  beds,  but  they  broke  up  on  exposure  to  the 
air.  The  position  of  the  fossiliferous  concretions  was  discovered  only 
after  several  fruitless  trials.  Some  of  the  concretions  contained  only 
single  detached  bones,  whilst  in  others  all  the  bones  of  a  complete 
skeleton  were  embedded  together.  Three  skeletons  were  found  side 
by  side,  evidently  of  predatory  animals  allied  to  Bhopalodon ;  under 
these  were  three,  more  or  less  imperfect,  skeletons  of  Pareiasauria. 
The  sand  surrounding  the  concretions  was  carefully  removed  and 
the  surface  of  each  layer  exposed  so  that  the  positions  of  the 
skeletons  could  be  distinguished.  They  appeared  to  be  all  extended 
in  the  same  direction  as  if  they  had  been  carried  down  and  deposited 
in  the  bed  of  a  stream  heavily  charged  with  sediment.  The  skeletons 
in  the  central  portions  of  the  lenticular  deposit  were  heaped  together 
as  if  they  had  been  buried  up  with  silt  before  the  flesh  had 
decomposed,  whilst  those  nearer  the  margins  seem  to  have  been 
oxposed  long  enough  for  decay  to  have  set  in,  so  that  the  bones 
became  detached. 

No  fewer  than  thirty-nine  groups  of  concretions  were  discovered ; 
about  twenty  of  these  contained  complete  or  imperfect  skeletons, 
whilst  in  the  others  the  bones  were  detached  and  commingled 
together.  These  concretions  have  not  as  yet  been  properly 
examined,  and  their  contents  are  but  partially  known.  Of  the 
remains  of  Amphibians,  there  are  skulls  and  other  bones  of  forms 
allied  to  Mekmerpeton  and  Metopias. 

Both  in  numbers  and  importance  the  reptilian  remains  form  the 
ohief  part  of  the  collection.  They  nearly  all  belong  to  the 
Theromorpha,  and  the  three  suborders,  Anomodontia,  Pareiasauria, 
and  Deuterosauria,  are  represented.  The  Pareiasauria  are  the  most 
abundant ;  amongst  them  are  some  small  forms  with  skulls  not  more 
than  80  centimetres  in  length,  whilst  others  are  4-5  metres  long 
with  skulls  1  m.  in  length  and  0*66  m.  in  width.  Some  have  their 
beads  and  part  of  their  backs  covered  with  shield-shaped  plates,  like 
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the  Pareiasauria  from  the  Karoo  beds ;  others  possess  horn-like 
projeotions  on  their  heads  like  the  Elginia  from  the  Triassio  deposits 
of  Scotland.  All  are  characterized  by  the  good  preservation  of  their 
notched,  spatala-shaped  teeth.  The  Deuterosauria,  thongh  some- 
times 3  metres  in  length,  do  not  attain  the  proportions  of  the 
Pareiasauria.  Their  dental  apparatus  is  very  powerful  and  o£ 
a  distinctly  rapacious  type.  They  belong  to  Bhopalodon,  Fischer. 
The  Anomodontia  are  represented  by  small  forms  of  Diennodon 
about  the  size  of  a  bear,  with  two  powerful  tusks  on  the  sides  of  the 
head.  Some  of  the  skulls  and  skeletons  discovered  probably  belong 
to  altogether  new  species  of  reptiles. 

The  only  invertebrates  mentioned  from  this  lenticular  deposit  are 
lamellibranch  shells  belonging  to  the  Anthracosidad,  whilst  the  plant 
remains,  though  numerous,  are  limited  to  forms  of  OlossopterU, 

The  plates  accompanying  the  paper  show  the  position  of  the 
lenticular  sandy  beds  in  the  cliffs  of  Permian  marls,  and  the  manner 
in  which  the  concretions  with  the  bones  embedded  in  them  occurred 
in  the  sands.  G.  J.  H. 
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L  — March  6th,  1901.  — J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.R.S.,^ 
President,  in  the  Chair. 

The  following  communications  were  read  : — 

1.  "Recent  Geological  Changes  in  Northern  and  Central  Asia.**^ 
By  Professor  George  Frederick  Wright,  F.G.S.A. 

The  present  paper  is  the  outcome  of  a  journey  made  by  the  author 
in  company  with  Mr.  Frederick  B.  Wright  in  1900-1901. 

In  North  America  an  area  of  about  4.000,000  square  miles  was 
brought  under  the  direct  iafluence  of  Glacial  ice  during  the  Glacial 
Epoch.  The  result  of  six  weeks  spent  in  Japan  was  to  show  that 
there  are  no  signs  of  general  glaciation  in  Nippon  or  Yesso.  Neither 
is  there  any  sign  of  glaciation  along  the  border  of  the  Mongolian 
Plateau,  where  the  general  elevation  is  5,000  feet,  but  the  whole 
region  is  covered  with  loess.  This  has  usually  accumulated  like 
immense  snow-drifts  on  the  south-eastern  or  lee-side  of  the 
mountains,  and  in  it  houses  and  villages  are  excavated.  In  the 
mountainous  region,  strata  of  gravel  and  pebbles  are  so  frequent 
in  the  loess,  that  it  is  necessary  to  invoke  both  wind  and  water  in 
order  to  explain  fully  the  origin  of  the  deposit.  At  the  present  time 
the  loess  in  the  interior  is  being  washed  away  by  streams  much 
faster  than  it  is  being  deposited  by  the  wind.  The  journey  aorose 
Manchuria  from  Port  Arthur  along  the  Lao-Ho  and  Snngari  rivers 
was  through  valleys  choked  with  alluvium,  and  there  was  no  evidence 
that  the  drainage  of  the  Amur  had  ever  been  reversed  by  ice,  like 
that  of  the  St  Lawrence;  nor  was  there  any  other  evidence  of 
glaciation.  The  lower  course  of  the  Amur  indicates  subsidence. 
Again,  there  are  no  signs  of  glaciation  on  the  Vitim  Plateau. 
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Lake  Baikal  appears  to  be  of  recent  origin ;  it  is  4,500  feet  deep, 
and  has  not  been  filled  by  the  great  quantities  of  sediment  brought 
down  by  the  Selenga  and  other  rivers.  Although  glaciers  could 
frequenUy  be  seen  on  the  mountains  which  border  the  Central 
Asiatic  Plateau  to  the  north-west,  there  was  no  evidence  that  the 
glaciers  had  ever  deployed  on  the  plain.  The  loess-region  of 
Turkestan,  and  indeed  the  whole  area  from  the  Sea  of  Aral  to  the 
Black  Sea,  appears  to  have  been  recently  elevated,  in  some  places  as 
much  as  3,000  feet  Desiccation  took  place  at  the  same  time,  so  that 
the  larger  lakes  are  only  brackish  or  still  fresh.  Direct  evidence  of 
this  in  the  form  of  deposits  is  given.  The  author  thinks  it  likely 
that  the  absence  of  glaciation  in  Northern  Asia  may  have  been  due 
to  the  rainlessness  of  the  region,  and  that  while  America  was 
elevated,  Asia  was  depressed  during  the  Glacial  Epoch. 

2.  ''The  Hollow  Spherulites  of  the  Yellowstone  and  Great 
Britain."     By  John  Parkinson,  Esq.,  P.G.S. 

A  recent  journey  to  the  National  Park  of  the  United  States, 
resulting  in  a  study  of  the  obsidians  and  rhyolites  in  the  field  and  at 
home,  suggested  a  direct  comparison  between  the  hollow  spherulites 
characteristic  of  these  rocks  and  those  of  the  rhyolites  of  Shropshire, 
Jersey,  and  elsewhere. 

The  first  part  of  the  paper  is  concerned  with  the  spherulites  of 
the  Yellowstone  region.  A  brief  description  is  given  (i)  of  the 
small  bluish-grey  solid  spherulites  common  in  the  obsidian  of 
Obsidian  Cliff,  and  (ii)  of  a  hollow  variety  in  which  radial  structure 
is  barely  discernible.  In  the  latter,  the  spherulitic  part  is  repre- 
sented by  a  whitish,  rather  crumbly  material  consisting  of  felspar, 
tridymite,  and  quartz. 

The  hollow  spherulites  proper  are  divided  into  two  groups — 
(i)  those  containing  cavities  without  definite  form,  and  (ii)  those  in 
which  the  cavities  are  related  to  the  shape  and  structure  of  the 
spherulite.  The  latter  include  the  well-known  lithophyssB.  The 
manner  in  which  these  occur,  and  the  relation  of  the  cavities  to 
the  enclosing  spherulite,  are  described.  Attention  is  drawn  (a)  to  the 
porous  character  of  the  latter,  and  (6)  to  the  network  of  felspathic 
fibres,  studded  with  crystals  of  tridymite,  which  usually  distinguish 
the  spherulite  near  a  cavity. 

Hypotheses  framed  to  account  for  these  varying  structures  would 
take  one  of  two  directions : — (i)  Hollow  spherulites  are  the  result 
of  some  property  of  the  original  magma,  or  (ii)  are  due  to  the 
decomposition  of  an  originally  solid  spherulite  by  heated  waters. 
Taking  the  second  alternative  first,  a  description  is  given  of  the 
effect  of  solfataric  action  on  the  rhyolites  of  the  Yellowstone  Canon. 
The  conclusion  reached  is  "  that  the  action  of  hot  waters  charged 
with  silica  may  be  to  remove  portions  of  the  rook,  or  to  permeate  it 
without  destroying  its  characteristic  structure ;  that  we  obtain, 
however,  no  evidence  to  show  that  the  spherulites  are  most  easily 
attacked,  but  rather  the  reverse."  Explanation,  therefore,  is  most 
naturally  sought  in  some  property  of  the  original  magma,  and  that 
propounded  by  Professor  Iddings  appears  the  nearest  in  accord  with 
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facts.  Ezoepiion  is  taken  to  oartain  physical  processes  postulated 
hy  Professor  Iddings  in  a  recent  memoir,  but  with  his  earlier  work 
the  present  writer  is  sabstantially  in  agreement 

In  the  second  part  of  the  paper  direct  comparison  is  drawn  between 
the  structures  exhibited  by  the  hollow  spherulites  from  Obsidian 
Cliff  and  those  of  examples  from  Shropshire,  Jersey,  and  other 
localities.  Attention  is  called  to  the  presence  in  the  latter  of 
quartzose  amygdaloids,  crescentic  in  shape,  and  having  a  relation  to 
Uie  edge  of  the  nod  ale.  Sometimes  a  series  of  such  are  found 
parallel  one  to  the  other,  not  infrequently  (at  Wrockwardine) 
becoming  more  or  less  completely  circular.  Projecting  into  such  an 
amygdaloid,  or  occupying  an  end,  we  find  in  many  instances  a 
network  of  felspathio  fibres  comparable  with  the  fibrous  structure 
which  characterizes  the  American  examples. 

A  description  is  given  of  a  series  of  rocks  from  Boulay  Bay,  once 
very  vesicular,  and  containing  the  remains  of  crystals— probably 
felspars— analogous  to  the  crystals  found  encrusting  the  cavities  of 
lithophysflo  from  Obsidian  Cliff.  Traces  of  a  mineral  which  resembles 
the  tridymite  from  the  latter  locality  are  described  from  Wrock- 
wardine. 

Taking  into  consideration  the  resemblances  between  the  hollow 
spherulites  of  the  Yellowstone  region  and  those  of  Great  Britain, 
the  conclusion  is  drawn  that  the  hypothesis  of  corrosion  is  as 
inapplicable  to  the  latter  as  to  the  former.  On  the  contrary,  the 
author  believes  that  the  cavities  of  the  spherulites  are  the  result  of 
the  hydrous  state  of  the  magma. 


XL— March  20, 1901.— J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.B.S.,  President, 

in  the  Chair. 

Mr.  H.  B.  Woodward  called  attention  to  a  polished  slab  of 
Landscape  Marble,  or  Cotham  Stone,  from  the  Ehastio  Beds  near 
Bristol,  which  had  kindly  been  lent  for  exhibition  by  Mr.  Frederick 
James,  Curator  of  the  Maidstone  Museum.  The  specimen  showed 
that  after  the  arborescent  markings  had  been  produced  in  the  soft 
mud,  some  irregular  and  partial  solidification  took  place  in  the 
upper  layers  of  the  deposit ;  and  then  during  contraction  a  kind  of 
subsidence  occurred  of  the  upper  and  harder  portions  into  the 
lower  and  softer  materials.  This  subsidence  was  accompanied  by 
a  breaking  up  of  the  harder  portions,  suggesting  a  oomparison  (in 
miniature)  with  '  broken  beds '  and  even  crush-conglomerates.  The 
specimen  was  of  considerable  interest  as  illustrating  the  mechanical 
changes  produced  during  solidification. 

The  following  communications  were  read : — 

1.  "  On  a  Remarkable  Volcanic  Vent  of  Tertiary  Age  in  the  Island 
of  Arran,  enclosing  Mesozoic  Fossiliferous  Bocks." 
(Gommmiicated  by  permiBdon  of  the  Direotor-Oeneral  of  H.H.  Geological  Surrey.) 
Part  I. — «  On  the  Oeological  Structure."  By  Benjamin  Neeve  Peaohi 
Esq.,  F.B.S.,  L.  &E.,  F.G.S.,  &  William  Gann,  Esq.,  F.G.a 

The  rocks  which  form  the  subject  of  this  paper  cover  an  area  of 
about  7  or  8  square  miles,  and  culminate  in  Ard  Bheinn  A'Chruach 
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and  Beixm  Bhreao.  They  are  in  oontaot  with  formations  ranging 
from  the  Lower  Old  Bed  Sandstone  to  the  Trias,  and  are  later  int 
date  even  than  the  important  faults  of  the  area.  They  are  made  up 
partly  of  fragmental  volcanio  materials,  and  partly  of  various 
mtmsive  masses,  confined  within  an  almost  unbroken  ring  of 
tntrusive  rocks.  In  addition  to  igneous  fragments,  the  elastic- 
Toloanio  rooks  contain  fragments  derived  from  the  surrounding 
formations ;  and  also  masses  of  shale,  marl,  limestone,  and  sandstone 
belonging  to  formations  not  now  found  in  nta  in  the  island.  One  of 
these  is  several  acres  in  extent,  contains  fossils,  and  is  in  part  of 
BhsBtic  age ;  a  second  is  a  fragment  of  Lias ;  and  a  third  is  of 
limestone  and  chert  resembling  the  Antrim  Cretaceous  rocks,  and 
yielding  fossils.  The  absence  of  Oolitic  and  older  Cretaceous  seems- 
to  indicate  a  resemblance  between  a  former  succession  in  Arran  and 
that  now  seen  in  Antrim.  If  these  fragments  fell  into  the  vent  from 
above,  the  igneous  rocks  must  be  of  Post-Cretaceous  age,  and  they 
give  an  impressive  picture  of  the  amount  of  denudation  which  has 
occurred  since  the  period  of  vulcanidty. 

Part  IL— "  PalsBontologioal  Notes."    By  E.  T.  Newton,  Esq.,  F.B.S., 

F.L.8.,  F.aS. 

The  masses  of  Bh»tic  strata  yield  Avicuia  conlorta,  Peeten 
valomensis,  ScMzoduB  (Axinus)  cloacinus,  etc. ;  those  of  Lower  Lias, 
Qrffphaa  areuaia,  Ammonites  angulatue,  and  new  species  of  Nuculana 
and  TancTediOt  which  are  figured  and  described.  Thin  slices  of  the 
Cretaceous  limestones  prove  to  be  very  like  those  of  the  Antrim 
Chalk,  and  the  rocks  yield  determinable  Foraminifera,  Inocerami, 
Sponges,  and  Echinoderms. 

2.  "On  the  character  of  the  Upper  Coal-measures  of  North 
Staffordshire,  Denbighshire,  South  Staffordshire,  and  Nottingham- 
shire; and  their  Belation  to  the  Productive  Series."  By  Walcot 
Oibson,  Esq.,  F.O.S. 

(Commuidcated  by  permisrion  of  the  Director  of  H.M.  Geological  Survey.) 

The  Upper  Coal-measures  of  North  Staffordshire  are  capable  of 
a  fourfold  subdivision,  the  groups  representing  a  definite  sequence 
of  red  and  grey  strata  : — 

4.  The  Eeele  Series.    Bed  and  purple  sandstones  and  marl  with  occasional  seams  of 

coal,  and  bands  of  entomostracan  limestone. 
3.  The  Newoastle-iinder-Lyme  Series.    Grey  sandstones  and  shales,  with  four  thin 

seams  oi  coal,  and  at  the  base  an  entomostracan  limestone. 
2.  The  Etmria  Marl  Series.    Mottled  red-and-nnrple  marls  and  daySf  with  thin 

men  grits ;  a  thin  coal  occurs  160  yards  aoove  the  base. 
1 .  Black  Band  Series.    Grey  sandstones,  marls,  and  clays ;  numerous  thin  seams  of 

coal  and  Blackband  ironstone;   one  of   many  thin  bands  of  limestone  is 

constant,  36  to  40  feet  above  the  base. 

Spirorbis'  and  entomostracan  limestones  attain  a  maximum  in  the 
Upper  Coal-measures,  but  are  not  unknown  in  the  productive 
measures  below.  Indeed,  the  two  sets  of  measures  are  closely  allied 
lithologically,  palsdontologically,  and  stratigraphically  in  this  region. 
The  chief  movements  are  pre-Triassic  and  post-Carboniferous. 

No  attempt  has  been  made  to  recognize  the  Black  Band  Series  in 
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the  Denbighshire,  South  Staffordshire,  and  Nottinghamshire  coal- 
fields, as  they  are  indistinguishable  from  the  productive  measures  in 
the  absence  of  Blaokband  ironstones.  In  each  of  these  areas  there 
are  divisions  in  the  Upper  Coal-measures  which  correspond  with  the 
three  highest  divisions  in  North  Staffordshire,  and  in  all  cases, 
except  near  the  margin  of  the  basin,  where  overlap  occurs,  they  are 
underlain  by  ordinary  Coal-measures  with  coal-seams.  It  is  there- 
fore concluded  that  these  higher  Coal-measures  were  deposited  in  one 
basin  which  included  all  the  four  areas  dealt  with,  and  &at  whatever 
movements  occurred  were  of  a  local,  and  not  of  a  regional  character. 
Judging  by  published  descriptions,  the  higher  series  of  measures 
appear  to  be  present  in  other  Midland  and  North-Westem  coalfields, 
and  in  most  of  them  the  Eeele  Series  corresponds  to  the  Salopian 
Permian  of  Professor  Hull. 


OBITTJ-A^IRir. 


JOHN  HOPWOOD  BLAKE, 

Assoc.  M.  Inst.  C.  E.,  F.Q.S.,  op  thb  Qkologioal  Survey  of 

England  and  Wales. 

Born  July  22,  1843.  Died  March  6,  1901. 

Mr.  J.  H.  Blake  was  a  son  of  Mr.  George  John  Blake,  of  the 
firm  of  Messrs.  Allen  &  Blake,  Wine  Merchants,  and  was  horn 
in  Great  Tower  Street  in  the  city  of  London.  After  completing  his 
education  at  King's  College,  London,  he  was  apprenticed  to  Mr.  R.  P. 
Brereton,  M.  Inst  C.  E.,  under  whose  directions  he  was  engaged  for 
several  years  with  Mr.  S.  H.  Yockney  in  railway  work  in  Cornwall 
and  South  Wales.  Having  been  attracted  to  the  science  of  geology 
while  at  King's  College,  he  became  further  interested  in  the  subject 
during  his  engineering  experiences,  and  was  thereby  tempted  to 
join  the  Geological  Survey  in  April,  1868,  at  a  time  when  the  staff 
under  Murchison  was  considerably  augmented.  During  the  first 
few  years  of  his  official  career  he  was  engaged  in  the  re-survey  of 
portions  of  Somerset,  along  the  Mendip  and  Polden  Hills,  at  Shepton 
Mallet,  Street,  Chewton  Mendip,  and  Axbridge,  and  subsequently 
at  Watchet  and  Minehead.  He  was  also  occupied  for  a  time  in  the 
first  detailed  Drift  Survey  of  the  area  north-west  of  London.  Later 
on  he  was  transferred  to  Suffolk,  to  survey  the  country  around 
Stowmarket,  and  that  bordering  the  sea  north  and  south  of  Lowestoft, 
whence  he  proceeded  to  Yarmouth  and  continued  his  investigations 
inland  and  along  the  coast  as  far  north  as  Palling  in  Norfolk.  Much 
time  was  then  devoted  to  a  careful  study  of  the  Forest  Bed  Series, 
and  his  published  section  of  the  oUSb  at  Kessingland,  Pakefield, 
and  Corton  (1884)  bears  evidence  of  the  painstaking  character  of 
his  work.  East  Dereham  then  became  his  home,  and  much  field- 
work  was  done  in  that  part  of  Norfolk  until  1884,  when  the  primary 
one-inch  Geological  Survey  of  England  was  completed.  Mr.  Blake 
then  removed  to  Reading,  and  was  for  many  years  occupied  in 
the  re-survey  on  the  six-inch  scale  of  that  neighbourhood,  giving 
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^speoial  attention  to  the  Drifts,  which  before  had  only  been 
partially  mapped.  A  few  years  ago  he  proceeded  to  Oxford,  from 
which  important  and  interesting  centre  he  laboured  with  much  quiet 
enthusiasm,  until  on  March  5  he  suddenly  and  quite  unexpectedly 
succumbed  to  angina  pectoris  at  the  age  of  57. 

The  record  of  his  geological  work  is  chiefly  embodied  in  the 
geological  maps  of  the  districts  he  surveyed,  and  in  sundry  Survey 
memoirs.  He  contributed  notes  to  the  Geology  of  East  Somerset 
(1876),  to  the  Geology  of  Stowmarket  (1881),  the  Geology  of 
Norwich  (1881),  and  the  Geology  of  London  (1889);  and  he 
personally  wrote  ''The  Geology  of  the  Country  around  East 
Dereham  "  (1888)  and  **  The  Geology  of  the  Country  near  Yarmouth 
and  Lowestoft "  (1890).  He  had  also  prepared,  in  conjunction  with 
Mr.  Whitaker,  a  Memoir  on  the  Water  Supply  of  Berkshire,  which 
is  in  the  press,  and  had  made  some  progress  with  a  Memoir  on  the 
Geology  of  Reading. 

Mr.  Blake's  extra-official  contributions  to  geological  literature 
were  by  no  means  large  considering  his  long  experience.  In  1872 
he  contributed  (with  H.  B.  Woodward)  ''Notes  on  the  Relations 
of  the  RhsBtio  Beds  to  the  Lower  Lias  and  Eeuper  Formations  in 
Somersetshire"  (Geological  Magazine,  Vol.  lA,  pp.  196-202). 
In  1877  he  published  in  the  same  Magazine  (Dec.  II,  Vol.  IV, 
pp.  298-300)  an  article  "  On  the  Age  of  the  Mammalian  Rootlet-bed 
at  Eessingland  "  ;  and  in  1881  he  contributed  to  the  Proceedings  of 
the  Norwich  (Geological  Society  (vol.  i,  pp.  126-128)  a  paper  on 
a  "Well-boring  at  East  Dereham  Waterworks.*'  To  these  may 
be  added  his  addresses  to  the  Norwich  Geological  Society  (of  which 
he  was  elected  President  in  1880-81),  dealing  with  the  Age  and 
Relation  of  the  so-called  '  Forest-Bed,'  and  with  the  Conservancy 
of  Rivers,  Prevention  of  Floods,  Drainage,  and  Water  Supply ;  and 
also  his  Presidential  Address  to  the  Reading  Literary  andPhilosophical 
Society  in  1885,  when  he  discoursed  on  the  Coalfields  of  the  United 
Kingdom  with  special  reference  to  the  Royal  Commission  on  Coal. 
From  1885  until  near  the  close  of  his  life  he  conducted  a  number 
of  excursions  of  the  Geologists'  Association,  on  three  occasions  to 
Reading,  and  on  other  occasions  to  Henley-on-Thames  and  Nettlebed, 
Taplow  and  Bowsey  Hill,  Lowestoft  and  Eessingland,  Goring,  and 
Silchester,  reports  of  which  were  contributed  to  the  Proceedings 
of  the  Association. 

Mr.  Blake's  early  training  as  an  engineer  had  made  him  an 
excellent  draughtsman,  so  that  his  maps  and  the  sections  he  con- 
structed were  models  of  neatness  and  precision.  This  training  in 
the  exact  methods  of  topographic  surveys  to  some  extent  hampered 
his  field-work,  as  his  constant  aim  to  secure  positive  evidence  for 
geological  boundaries  led  often  to  prolonged  and  inexpedient 
investigation.  Thus  he  would  return  again  and  again  to  obscure 
tracts  in  the  hopes  of  gaining  exact  information,  a  process  theoretically 
laudable,  but  practically  detrimental  to  the  progress  of  work.  This 
timidity  in  forming  conclusions,  perhaps  to  a  certain  extent  con- 
stitutional, had  proved  such  a  serious  bar  to  official  advancement, 

Digitized  by  VjOOQ IC 


240  Miscellaneous. 

that  it  oaused  him  grave  anxiety.  Imbued,  however,  with  a  tme 
love  of  science  he  laboured  on  with  infinite  patience  to  the  end, 
and  it  is  distressing  to  think  that  he  did  not  live  to  partake  of 
the  benefits  which  quite  recently  accrue  to  the  Survey  through 
a  reoiganisation  of  the  staff.  Personally  his  colleagues  and  many 
others  will  long  lament  the  loss  of  a  genial  and  tender-hearted 
friend.  H.  B.  W. 


nv^ISOEXili^lSTEOTTS. 


Imtbenational  Geologioal  Conobsss,  Pabis,  1900. — ^The  pupils, 
friends,  and  admirers  of  Professor  Albert  Oaudry,  who  in  1S52 
started  his  scientific  career  with  his  "Th^  de  Otelogie:  Sur 
Torigine  et  la  formation  des  Silex  de  la  Craie,"  intend  to  present 
him  with  a  commemorative  medal.  Whilst  heartily  associating 
ourselves  with  this  proposal,  we  venture  to  suggest  that  something 
more  might  be  done.  In  one  of  his  books  Professor  Oaudry 
terminates  the  description  of  his  new  palsdontological  gallery  with 
the  following  words : — "  J'aimerais  que,  pour  terminer  notre  gderie, 
on  pla^  une  statue  representant  une  figure  humaine,  figure 
douce  et  bonne,  figure  d'artiste  et  de  po^te,  admirant  dans  le  passe 
la  grande  oeuvre  de  la  Creation  et  refl^chissant  h  ce  qui  pourrait 
rendre  le  monde  encore  meilleur."^  Apart  from  his  eminent 
scientific  attainments,  Professor  Qaudry  has  revealed  himself  as  an 
artist  and  a  poet  as  well,  especially  in  his  "  Essai  de  Pal6ontologie 
philosophique  "  ;  and  whoever  has  approached  him  can  testify  that 
the  'douce'  and  'bonne'  expression  of  his  face  truly  reflects  hia 
character.  We  therefore  think  that  his  own  bust  would  be  the  most 
suitable  eourannement  Sidifice  of  the  palsdontological  gallery,  which 
.  in  the  main  is  his  own  work. 

Pbofbssob  Albbbt  Gaudby,  President  of  the  International 
Geological  Congress  for  1900,  announces  that  the  Committee 
appointed  by  the  International  Congress  of  Geologists  to  award 
the  International  Spendiaroff  Prize  of  456  roubles  (£48)  has  pro* 
posed  as  subject  for  1903,  "Critical  Review  of  the  Methods  of 
Bock-classification."  Two  copies  at  least  of  any  work  competing 
for  the  prize  should  be  sent  before  August,  1902,  to  Dr.  Charles 
Barrois,  Secretary  of  the  Congress,  62,  Boulevard  Saint-Michel,  Paris. 

Ebbatum. —i?racAyZepa«  (Pyrgoma)  cretacea,  H.  Woodw. :  Geol. 
Mag.,  April,  1901,  pp.  145-162,  PI.  VIIL— Dr.  Arthur  Rowe, 
F.G.S.,  calls  attention  to  an  error  in  Dr.  Woodward's  paper  as  to 
the  locality  of  his  new  specimen  of  this  Cirripede,  which,  like  the 
original  specimen  described  in  1868,  was  also  obtained  from  the 
zone  of  Belemniietlla  mucranata  in  the  Norwich  Chalk,  and  all 
references  to  Margate  and  Thanet  should  be  deleted  and  the  word 
Norwich  substituted. — Edit.  Geol.  Mag. 

^  A.  Oftudry :  '*  Les  ancltrea  de  nos  animaux  dans  lee  temps  g^logiqnee/'  p.  296 ; 
Pane,  1888. 
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1.— On  thb  Eyidbmoe  of  the  Tbansfebenob  of  Sboondabt  Sbxual 
Ghabaotbbs  of  Mammals  fbom  Males  to  Fbmalbs. 

By  0.  I.  FoBSTTH  Major,  M.D.,  F.Z.S. 

TTTHEN  Darwin  stated  in  the  first  edition  of  the  ''Desoent  of 
YY  Man/'  ''as  probable  that  horns  of  all  kinds,  even  when  they 
are  equally  developed  in  the  two  sexes,  were  primarily  acquired  by 
the  male  in  order  to  conquer  other  males,  and  have  been  transferred 
more  or  less  completely  to  the  female,"  ^  the  *'  various  facts  "  from 
which  he  drew  this  inference  did  not  include  any  palsoontological 
evidence.  At  the  present  day  we  are  familiar  with  the  notion  that, 
as  regards  the  deer  family,  the  oldest  members  known,  from  the 
Oligocene,  were  absolutely  devoid  of  antlers,  and  that  the  subsequent 
phylogenetic  evolution  of  the  latter  has  a  close  parallel  in  their 
ontogenetic  development 

Except  in  the  case  of  the  reindeer,  fossil  Cervidss  cannot  be  expected 
to  throw  any  direct  light  on  our  special  subject  of  inquiry,  since 
up  to  the  present  day  the  females  of  the  great  majority  of  Cervid» 
are,  as  a  rule,  devoid  of  antlers.  The  generally  received  view  is  that 
amongst  recent  Cervida^  the  females  of  the  reindeer  always  have 
antlers,  and  the  females  of  other  deer  never  have. 

According  to  a  statement  by  Eversmann,  quoted  by  A.  Brandt,' 
the  female  wild  reindeer  in  the  Orenburg  district  are  devoid  of 
antlers.  With  regard  to  the  Cervid»  generally,  there  is  abundant 
testimony,  to  be  found  amongst  older  writers  especially,  of  antlers 
occurring  in  females  of  Capreolus  and  Cervw  elaphus.^  Biitimeyer 
states  that  traces  of  pedicles  are  never  absent  in  the  doe;^  and 
Nitsche  confirms  that  this  is  in  fact  the  rule  in  old  individuals/ 

^  Charles  Darwin :  **  The  Descent  of  Man  and  Selection  in  relation  to  Sex," 
1871,  vol.  ii,  p.  248.  ^t^  •^ 

'  Eversmann:  **  Natorgesch.  y.  Orenburg,"  ii,  p.  251.  Of.  A.  Brandt  in 
"  Festschrift  f .  Rndolf  Leuckart,"  1892,  p.  412. 

'  See  the  numerous  bibliography,  together  with  original  obserrations,  in  A.  W. 
Otto,  *'Lehrb.  d.  pathol.  Anatomie  d.  Menschen  und  der  Thiere,"  1830,  i,  p.  167 
and  note  18. 

^  L.  Rutimeyer:  ^'Beitrage  zu  einer  natiirl.  Geschichte  der  Hirsche,"  i: 
Abb.  schweiz.  palaeont.  Oes.,  1881,  riii,  p.  42. 

^  H.  Nitsche:  **  Studien  iiber  Hirsche,  1898,  i,  pp.  23,  49,  50, 
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The  phenomenon,  however,  is  by  no  means  restrioted  to  senility. 
Otto  himself  dissected  an  antlered  doe  pregnant  with  two  fodtuses/ 
and  Nitsohe  shows  that  the  presence  of  antlers  in  the  female  Capreolus 
is  independent  of  senile  sterility.* 

Instances  of  the  occurrence  of  antlers  in  the  female  Virginia  and 
Columbia  deer  are  adduced  by  Caton.' 

If  we  survey  the  cases  recorded  in  the  literature,  no  doubt  remains 
that  the  capacity  of  developing  antlers  is  latent  in  the  female 
Cervidad,  and  only  an  impulse  is  required. 

In  a  case  recorded  by  W.  Blasius,  of  a  doe,  the  abnormal  antler  on 
the  right  side  could  be  traced  to  a  mechanical  lesion  produced  by 
the  presence  of  a  piece  of  glass,  and  Blasius  is  probably  right  in 
supposing  that  the  exostosis  occasioned  by  the  lesion  assumed  the 
shape  of  an  antler,  owing  to  its  occurring  in  the  region  where  the 
antlers  are  developed  in  the  male.^ 

The  remarkable  case  communicated  to  the  Linnean  Society  by 
James  Hoy  on  December  16th,  1791,  is  a  curious  parallel  to  the  male 
plumage  exhibited  in  female  game-birds  as  a  consequence  of  a  lesion 
of  the  ovaries.  *'  A  hind,  the  female  of  Cervus  etaphus,  was  shot  by 
the  Duke  of  Gk>rdon,  which  had  one  horn  perfectly  similar  to  that  of 
a  stag  three  years  old.  It  had  never  had  a  horn  on  the  other  side  of 
its  head,  for  there  the  corresponding  place  was  covered  over  by  the 
skin,  and  quite  smooth.  It  did  not  seem  to  have  ever  produced 
a  fawn,  and  upon  dissection  the  ovarium  on  the  same  side  with  the 
horn  was  found  to  he  schirrotis.**  ^ 

Next  in  order  comes  the  constant  presence  of  rudimentary  pedicles 
in  old  does,  viz.  at  a  time  when  the  sexual  functions  have  ceased. 

Moreover,  it  appears,  especiedly  from  Nitsche's  observations 
alluded  to  above,  that  the  females  of  Capreolus,  at  any  rate,  are 
beginning  to  develop  antlers  before  senile  sterility  sets  in;  so  that 
this  new  character  of  the  doe  has  every  chance  of  being  transferred 
to  her  ofispring,  independent  of  the  sex,  and  to  become  general  in 
the  does  also,  as  it  has  become  already  almost  general  in  female 
reindeers. 

Qiraffida. — For  reasons  formerly  given,*  I  agree  with  Lydekker, 
by  including  in  the  family  GiraffidsB  the  Sivatherium  group 
of  Ruminants  from  the  Sivaliks  (Sivatherium — Brahmatherium — 
Eydaspitherium —  Vishnutherium) . 

The  two  recent  species  of  Qiraffa  develop  horns  in  both  sexes. 

Oaudry  made  known  a  hornless  form,  Helladotherium  Duvemoyi, 
from  the  Upper  Miocene  of  Pikermi ;  the  skull  described  by  him 

'  A.  W.  Otto :  "  Seltene  Beobachtungen  zur  Anatomie,  Pkydologie,  und  Pathologie 
gehorig,"  1816,  i,  p.  71  (xxx). 

'  Op.  cifc.,  p.  60,  where  is  quoted  also  a  former  paper  by  the  same  aathor  in 
Tharander  forstliches  Jahrbuch,  1883,  xxii,  p.  118. 

'  J.  D.  Caton :  "  The  Antelope  and  Deer  of  America,"  1881,  2nd  ed.,  pp.  232,  233. 

*  Jahresber.  d.  Yereins  f.  Naturw.  zn  Braunschweig,  ix,  SitzoDgsber.,  pp.  11-13 
(1894-96). 

*  Trans.  Linn.  Soc.,  vol.  ii,  p.  356. 

*  Forsyth  Major,  *<  On  the  fossil  Remains  of  Species  of  the  Family  Giraffide  '* : 
Froc.  Zool.  Soc.  London,  1891,  p.  316. 
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IB  the  only  one  known  of  this  genus,  although  various  large-sized 
Oira£foid  hornless  skulls  have  in  turn  been  called  Selladotherium, 
and  even  united  with  the  Pikermian  species.  For  the  present  it 
cannot  be  decided  whether  the  Melladolherium  was  hornless  in  both 
sexes  or  in  the  female  only.  The  Giraffoid  genus  from  the 
contemporary  deposit  of  Samos — which  occurs  also  at  Maragha  in 
Persia — has  been  founded  by  me  on  a  form  provided  with  supraorbital 
horns  and  on  a  hornless  form,  which  otherwise  agrees  perfectly 
with  the  former ;  I  therefore  have  considered  them  to  be  male  and 
female  forms  respectively  of  one  species,  Samotherium  Boissiert,  Maj. 
A  smaller,  closely  allied  form,  Palaotragus  Bouenii,  Gkiudr.  (Pikermi, 
Samos,  Maragha),  originally  believed  to  be  an  antelope,  is  also 
represented  by  a  form  provided  with,  and  one  devoid  of,  horns. 

''In  the  skull  of  an  aged  specimen  of  Samotherium,  just  above 
the  orbits,  where  the  large  horns  are  placed  in  the  homed  specimens, 
there  occur  very  small  processes  separated  by  a  suture  from  the 
underlying  part  of  the  frontal."  ^  The  explanation  I  then  submitted 
was,  Uiat  in  aged  individuals  of  the  female  Samotherium  male 
characters  occasionally  make  their  appearance.  Another  specimen,' 
of  which  but  a  portion  of  the  fronted  is  preserved,  exhibits  above 
the  right  orbit  only  a  similar  epiphysis  as  the  one  just  mentioned ; 
its  height  is  no  more  than  9  mm.,  with  a  longitudinal  extension 
of  about  32  mm.  To  judge  from  the  size  of  the  fragment  and  the 
texture  of  the  bone,  it  belonged  to  an  adult,  although  not  an  aged 
individual.  It  cannot  therefore  be  considered  to  be  a  young 
specimen  of  the  horned  form ;  in  the  latter  the  horn  attains  a  size 
of  upwards  of  210  mm.'  Several  other  adult  hornless  skulls  of 
Samotherium,  one  of  which  is  in  the  British  Museum,  show  no 
trace  of  an  incipient  horn. 

From  the  foregoing  we  may  conclude  that  in  this  Tertiary  member 
of  the  Giraffidad  the  females  are  beginning  to  develop  horns,  which 
primarily  were  male  sexual  characters  of  the  Samotherium,  whether 
used  as  weapons  or  purely  ornamental. 

Bovina. — With  regard  to  all  their  salient  characters  the  Bovine 
are  the  most  terminal  group  of  Euminants.  No  instance  of  the 
occurrence  of  hornless  females  in  recent  wild  bovine  animals  is  known. 

When  working  in  the  PalsBontological  Museum  at  Florence  I  came 
upon  the  hornless  skull  of  a  Buminant  from  the  Pliocene  of  the 
Val  d'Amo,  which  had  been  discovered  a  few  years  previously  and 
variously  interpreted ;  the  statement  published  somewhere  that  in 
the  Val  d'Amo  fauna  occurred  a  Buminant  closely  allied  to  the 
camel,  refers  to  the  skull  in  question.  On  close  examination  I  found 
that  the  fossil  presented  all  the  cranial  and  dental  characters  of 
Falconer's  Bos  etruscus  from  the  same  deposits,  with  the  essential 
difference  that  no  traces  of  horn-cores  were  present.  My  conclusion 
was  that  the  skull  was  that  of  a  female  *  Bos  etruscus.*    I  published 

*  Forsyth  Major,  op.  cit.,  p.  319. 

*  Noa.  712,  712a  of  my  first  collection  from  Samos,  which  is  the  property  of 
Mr.  William  Barbey  in  Geneva. 

»  No.  17  of  the  Swiss  Collection. 
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the  fact  at  the  time/  and  also  ventured  to  transmit  the  information 
to  Charles  Darwin,  who  embodied  it  in  the  seoond  edition  of  his 
"Descent  of  Man."* 

Unaware  of  mj  previous  statement,  Eiitimeyer  announced  in 
1878  as  a  novel  faot  the  discovery  of  a  hornless  fossil  member  of 
the  Bovinad.'  The  skull  in  question,  B.M.  No.  48,037,  from  the 
older  Pliocene  of  the  Sivalik  Hills,  he  described  and  figured  as 
Leptohos  Falconeri,  Eiit.  From  the  absence  of  horn-cores,  from  the 
great  extension  of  the  parietal  zone,  and  from  its  general  slender 
and  elegant  build,  the  skull  is  considered  to  be  that  of  a  female. 
But  at  the  same  time  it  is  conjectured  that  part  of  the  homed 
skulls  attributed  to  the  same  species  might  equally  be  of  the  female 
sex ;  this  on  account  of  their  weaker  homs.^ 

The  skull  from  the  Yal  d'Amo  is  described  and  figured  in  the 
same  memoir,  together  with  the  cast  of  a  second  equally  hornless 
skull  from  the  same  locality,  the  original  of  which  is  preserved 
in  the  private  collection  of  the  Marchese  Strozzi.  Riitimeyer's 
conclusion  is  very  different  from  mine;  the  hornless  skulls  from 
the  Yal  d'Amo  are  named  Leptohos  Strozzii,  and  thus  placed  in 
a  different  genus  and  group  from  Falconer's  Bos  etruscus,  which 
becomes  the  Bihos  etruseus.^  As  Rtitimeyer  was  indisputably  the 
highest  authority  in  this  particular  branch  of  palseontology,  my 
previous  most  positive  statement  must  have  been  considered  in  the 
light  of  a  rather  rash  proceeding. 

Years  afterwards  my  excavations  at  Olivola  (Upper  Pliocene) 
brought  to  light  several  hornless  bovine  skulls,  and  made  it  in- 
cumbent on  me  to  reinvestigate  the  whole  matter,  the  more  so 
as  some  additional  homed  skulls  from  the  Yal  d'Amo  had  in  the 
meantime  enriched  the  Florence  Museum.  The  result  arrived  at* 
was  a  confirmation  of  my  former  view,  that  the  hornless  and  homed 
bovine  skulls  from  the  Upper  Pliocene  of  Italy  are  one  and  the 
same  species.  This  species  is  nearly  related  to  the  Sivalik  Leptohos, 
as  Biitimeyer  had  already  shown  with  respect  to  the  hornless  form 
of  the  Yal  d'Amo.  The  obvious  conclusion  was  to  collocate  the 
bovines  from  the  Italian  Pliocene  in  the  genus  Leptohos:  Leptohos 
elatus  (Croiz.).^ 

Stehlin,  another  pupil  of  Biitimeyer,  has  quite  recently  studied 
the  Florentine  collections;  with  regard  to  the  above  question,  he 
declares  that  after  repeated  examination  of  the  materials  he  agrees 
with  my  view  that  Biitimeyer's  *  Leptohos  Strozzii '  is  nothing  else 
than  the  female  form  of  his  '  Bthos  etruseus,*  ^ 

I  do  not  think  it  necessary  to  enter  into  the  particulars  of  the 
case,  which  are  published.     For  the  present  purpose  it  is  sufficient 

^  Palseontographica,  1873,  ii,  2  (xzii),  p.  123.  ^  1874,  p.  506. 

'  L.  Riitimeyer,  **Die  Binder  der  Teitiaer-Epoche,'*  etc.:  Abh.  schweiz. 
palaeont.  Gee.,  1878,  p.  162. 

*  Op.  cit.,  p.  164.  <^  Op.  cit.,  pp.  167-176. 

*  Forsyth  Major,  "L'Ossario  di  Olivola  in  Val  dl  Magra"  :  Proc.  Verb.  Soc. 
To8c.  Sc.  Nat.,  Afarch  3,  1890,  pp.  71-76. 

'  Forsyth  Major,  op.  cit.,  p.  76. 

*  Abh.  schweiz.  palaeont.  Ges.,  1900,  xzvii,  p.  466,  note. 
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to  point  out  that  in  the  earliest  known — Pliocene — representativea 
of  bovine  animals,  part,  at  any  rate,  of  the  females  were  devoid  of 
horns,  whereas,  as  stated  before,  the  females  of  all  the  wild  reoent 
species,  without  exception,  have  acquired  them.  The  occurrence  of 
hornless  forms  in  domestic  races  has  been  explained  by  Biitimeyer 
as  a  reversion.^ 

Suid€B. — The  male  weapons  of  Suid»  are  the  tusks.  Stehlin  has 
recently  shown  that  the  male  Potamoehcerus  provindaUs  (Oerv.)  from 
the  Lower  Pliocene  of  Montpellier  was  already  provided  with  equally 
strong  developed  canines  as  the  recent  species.  In  the  female  fossU 
form  they  are  about  equally  developed  as  in  8u8  serofa.*  Some 
years  ago  I  figured  on  two  plates  male  and  female  skulls  of 
reoent  species  of  rotamoehcerus,^  from  which  it  can  be  seen  that  in 
the  Malagasy  and  East  African  PotamoehcBri  the  canines  of  the 
females  are  almost  equal  in  size  and  shape  to  those  of  the  males. 
The  same  occurs  in  the  case  of  the  Bomean  Sm  harhatuSf^  and,  to 
judge  from  a  skull  described  and  figured  by  Bolleston,*  may  occur 
also  in  the  female  of  Sus  andamanenstB, 

In  the  West  African  PotamochcBrtu,  according  to  Stehlin's 
observation,  the  canines  of  the  female  are  weaker  than  in  the  eastern 
species.* 

Stehlin  has  strongly  insisted  upon  the  importance  of  this  instance 
of  transmission  of  male  sexual  characters  to  the  female,  in  Potanuh 
ehcBTus.  ''Dieselbe  ist  in  doppelter  Hinsicht  von  allergrostem 
Interesse.  Einmal  darum  weil  durch  sie  im  allerletzten  Abschnitt 
der  Erdgeschichte  nochmals  ein  evidenter  Fortschritt  gegeniiber  dem 
Pliocaen  erzielt  wird,  sodann  aber  auch  in  rein  morphologischer 
Hinsicht,  insofem  als  mit  ihrem  Eintreten  ein  vollig  neuer,  bis 
dahin  unbetretener  Weg  in  der  Umformung  und  Weiterbildung  der 
ganzen  Species  betreten  wird."^  (''It  is  of  the  greatest  interest, 
firstly,  because  by  means  of  this  transmission  there  is  again  an 
evident  progress  in  the  last  chapter  of  the  earth's  history,  as  compared 
with  the  Pliocene ;  secondly,  from  a  purely  morphological  pomt  of 
view,  because  by  it  a  hitherto  completely  new  and  untrodden  road 
in  the  transformation  and  progression  of  the  whole  species  is  now 
opened.") 

In  our  own  species  the  modem  aspirations  of  women  are,  to  all 
appearances,  the  incipient  signs  of  the  same  natural  law.  Physical 
and  mental  characters  of  man,  originally  acquired  in  the  struggles  of 
the  males,  are  apparently  being  slowly  transferred  to  women.  They 
only  require  time  for  their  full  evolution. 

1  Op.  cit.,  p.  173. 

'  H.  O.  Stehlin,  "  Uber  die  Qeschichte  d.  Suiden-Gebisses " :  Abh.  schweiz. 
palaeont.  Ges.,  1899,  xxvi,  pp.  256,  257. 
>  Proc.  Zool.  Soc.  London,  1897,  pis.  xxy,  zxyL 

*  Stehlin :  op.  cit.,  xxyii,  p.  466. 

^  Trans.  linn.  Soc.  I^ndon,  1876,  p.  286,  pi.  xli,  fig.  3. 

•  I.C.,  uvi,  pp.  255,  256. 

^  Abh.  schweiz.  palaeont.  Gee.,  1900,  xxvii,  p.  466. 
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n.  —  WooDWABDiAK    MusBUM    NoTES  :     Saltsb's    TTndesobibkd 

Spboibs.     IV. 

By  F.  R.  CowPBR  Rbbd,  M.A.,  F.G.S. 

(PLATE  XI.) 

GASTEROPODA   (eontinued), 

HoBiosTOMA  DisooBS  (Sowerbj),  var.  Mabia  (Salter  MS.)*    (PI-  ^I» 

Figs.  5  and  6.) 
1873.    £uomphalu8  Maria,  Salter:    Cat.  Camb.  Sil.  Foss.  Woodw.  Uus.,  p.  156 

(a  869,  a  860). 
1891.    EuomphaUu  Maria,  Woods:  Cat.  Type  Foss.  Woodw.  Mus.,  p.  103. 

There  are  four  speoimens  of  this  form  in  the  Woodwardian 
Museum,  labelled  a  859  and  a  860  by  Salter,  and  all  come  from  the 
Wenlock  Limestone  of  Dudley.  Salter  {loe.  eit.  supra)  says  of  it : 
''Related  to  E.  discors,  but  with  most  regular  ridges  of  growth. 
A  beautiful  shell,  dedicated  to  a  most  worthy  lady — the  patient 
preparer  of  this  collection  [Mrs.  Fletcher].''  All  four  specimens 
belong  to  the  Fletcher  Collection. 

Diagnosis. — Shell  nearly  disooidal ;  spire  short,  usually  low  and 
depressed ;  whorls  rounded,  five  or  six  in  number,  ornamented  on 
their  apical  surface  by  four  or  five  weak  and  inconspicuous 
longitudinal  keels,  whidi  are  crossed  nearly  at  right  angles  by 
prominent  transverse,  equidistant,  and  regular  sharp  lamellao,  not 
very  closely  set  together,  and  only  very  slightly  undulated  where 
they  cross  the  weak  keels.  As  they  pass  round  to  the  umbilical 
8ur£EU)e  of  the  whorls  they  bend  back  gently,  but  again  curve 
forward  to  the  line  of  contact  of  the  whorls.  The  umbilical  surface 
of  the  whorls  is  devoid  of  longitudinal  keels,  except  in  young 
individuals.  Umbilicus  deep,  wide,  open,  exposing  all  the  whorls. 
Aperture  not  preserved. 

Mbasubbmknts. 

mm. 

Breadth  of  one  specimen  (a  869)     60*0 

Approximate  height  of  tiie  same     20*0 

Ayera^  distance  of  yarices  on  upper  sorfaee        1*6 

Breadtn  of  specimen  (a  860)  showing  the  under  sorfaee  of 

shell       T!        64-0 

Depth  of  nmbilicus  of  same 12-0 

Rbmabks.  —  The  distinguishing  feature  of  this  form  is  the 
regularity  and  prominence  of  the  transverse  lamellaa  and  their 
slight  undulation  in  crossing  the  keels.  Otherwise  it  closely 
resembles  H.  diseors  and  its  varieties,  including  H.  rugosum, 
Sowerby.^  It  does  not  seem  possible  to  retain  it  as  an  independent 
species,  as  it  nearly  approximates  many  specimens  of  this  very 
variable  species  H.  diseors,  and  transitional  forms  with  intermediate 
characters  are  not  uncommon. 

HoBiosTOMA  DISOOBS  (Sowcrby). 
1873.    Bmmphalui  paeifioatut,  Salter :  Cat  Camb.  SQ.  Foes.  Woodw.  Mas.,  p.  166 

{a  861). 
1891.    Euomphahu padJUatui,  Woods:  Cat.  Type  Foes.  Woodw.  Mus.,  p.  103. 

1  lindstrSm :  Silnr.  Gastiop.  Pterop.  Kongl.  St.  Yet.  Akad.  HandL,  Bd.  19,  No.  6 
(1884),  pp.  167-169,  pi.  xri,  figs.  20-26 ;  pi.  xtU,  figs.  1-10. 
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There  is  only  one  specimen  of  this  form  in  the  Museum  thus 
labelled  bj  Salter  (a  861),  and  it  oomes  from  the  Wenlock  Limestone 
of  Dudley. 

Diagnosis. — Shell  disooid ;  spire  short ;  whorls  six  ?  (only  three 
are  preserved),  angulated  slightly  by  longitudinal  keel  near  margin 
of  flattened  apical  surface ;  sides  of  whorls  ornamented  by  two  weaker, 
equidistant,  longitudinal  keels.  No  keels  on  umbilical  surface. 
Surface  of  whorls  crossed  by  small,  closely-set,  transverse  growth- 
lamellsB,  slightly  undulated  and  irregular,  and  curving  backwards 
from  the  mouth  outside  the  inner  longitudinal  keel  of  apical  surface. 
Umbilicus  not  seen.    Aperture  apparently  oblique.     Breadth  36  mm. 

Bkmabks. — There  is  no  feature  by  which  this  form  can  be  separated 
from  the  variable  H,  discora,  and  the  species  therefore  must  be 
dropped.  The  indentation  on  the  outer  whorl  of  the  specimen  is 
manifestly  due  to  an  injury  to  the  shell,  and  cannot  be  considered 
as  a  character  of  any  specific  importance.  It  is  not  even  desirable 
to  separate  this  form  as  a  definite  variety  of  H.  (2tscor«,  a  conclusion 
I  have  reached  after  examining  a  large  series  of  the  latter  species. 

Plsubotohabia  Flbtohebi,  Salter.     (PL  XI,  Fig.  4.) 
1873.    FUurotomaria  Fletcheri,  Salter:    Gat.  Oamb.   Sil.  Foes.  Woodw.  Mas., 

p.  164  (a  851). 
1891.    Pkwrotomaria  Fletehen,  Woods:  Oat.  Type  Foss.  Woodw.  Mns.,  p.  112. 

There  is  only  the  one  original  specimen  (a  851)  in  the  Wood- 
wardian  Museum  from  the  Wenlock  Limestone  of  Dudley  and 
belonging  to  the  Fletcher  Collection.  It  is  not  quite  perfect  and 
is  slightly  compressed  laterally,  but  the  shell  is  preserved  on  the  five 
whorls.  The  figure  of  a  Pleurotamaria  given  by  Salter  (op,  cit  supra, 
p.  154)  in  the  margin  closely  resembles  this  species. 

Diagnosis. — Shell  broadly  conical;  apical  angle  50°-60^;  whorls  six 
in  number  (only  five  are  preserved),  convex,  with  slit-band  grooving 
middle  of  body-whorl,  but  situated  below  middle  line  of  other  whork 
though  above  suture-line.  Two  weak  longitudinal  keels,  of  which 
the  lower  is  the  stronger,  are  present  on  apical  surface  of  body- whorl 
above  slit-band  at  equal  distances  between  it  and  suture-line.  On 
the  upper  whorls  the  keel  nearer  the  slit-band  is  more  prominent 
and  slightly  augulates  the  apical  surface  of  the  whorl,  but  the  other 
keel  nearer  the  suture-line  is  almost  obsolete.  Slit-band  concave 
and  sunken  as  a  groove  between  sharp,  prominent,  narrow  borders ; 
crescents  fine,  closely  packed,  sharply  curved.  Ornamentation  of 
apical  surface  consists  of  obliquely  transverse,  slightly  sigmoidal 
8tri»,  and  wrinkles  bending  back  sharply  near  the  slit-band  to  meet 
it  as  an  acute  angle.  The  ornamentation  below  the  slit-band  is 
similar,  the  strisd  being  sharply  curved  back  to  meet  it.  Aperture 
not  preserved.     Height  of  specimen  ca,  45  mm. 

Bkmabks. — The  broadly  conical  shape  of  the  shell  and  the  position 
of  the  slit-band  on  the  whorls,  as  well  as  its  groove-like  nature, 
are  features  found  also  in  PL  hiformis  (Lindstrom),^  but  the  orna- 
mentation of  the  surface  is  quite  distinct,  and  only  one  keel  is  figured 
in  that  species  above  the  slit-band. 

1  Lmdstrdm :  op.  cit.,  p.  98,  pi.  Vii,  figs.  39-42. 
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Plbubotomabia  oyolonbma  (Salter).     (PI.  XI,  Kgs.  1-3.) 

1873.    Murehwmia  eyelonema,   Salter:    Cat.  Camb.   Sil.   Foes.  Woodw.  Moi., 

p.  155(a848,  a849,  a850). 
1891.    Mureh%s<mia  cyelonsma,  Woods :  Oat.  Type  Foes.  Woodw.  Mns.,  p.  107. 

There  are  in  all  fourteen  specimens  labelled  JfurehtBonia  eydonewM 
by  Salter,  varying  in  size  from  10  mm.  to  36  mm.  in  length. 
Several  are  in  an  excellent  state  of  preservation,  and  all  come  from  the 
Wenlock  Limestone  of  Dudley  and  belong  to  the  Fletcher  Collection. 

Diagnosis.  —  Shell  conical,  tarbinate;  whorls  five,  ventricose. 
Apical  angle  50^-60^,  being  smaller  in  the  older  and  larger 
individoals.  Body- whorl  large,  equal  to  half  the  length  of  shell  or 
even  more.  Slit-band  a  little  above  middle  line  of  body- whorl,  but 
in  other  whorls  half-way  between  the  suture-lines.  Apical  surface 
with  distinct  swollen  band  immediately  below  upper  suture-line  of 
each  whorl,  and  with  one  rounded,  prominent,  longitudinal  keel 
between  this  band  and  the  slit-band.  Six  or  seven  longitudinal 
keels  below  slit-band  on  body-whorl,  of  which  the  uppermost  three 
or  four  are  prominent  rounded  ridges,  usually  nearly  equal  in  size, 
and  nearly  equidistant  The  other  three  or  four  longitudinal  keels 
on  the  body-whorl  are  on  the  umbilical  surface,  and  grow 
successively  much  narrower,  fainter,  and  less  prominent  On  the 
upper  whorls  the  uppermost  three  longitudinal  keels  are  alone 
developed  in  the  adult,  the  number  varying  from  one  to  three 
according  to  age.  Slit -band  prominent,  of  moderate  width, 
bordered  on  each  side  by  narrow  ridge.  Surface  concave,  but 
marked  along  centre  by  longitudinal  keel,  varying  in  degree  of 
development,  but  making  profile  of  slit-band  very  characteristia 
Crescents  not  very  numerous,  gently  arched  backwards,  but  strongly 
marked,  and  in  some  of  the  smaller  individuals  sub-lamellar.  Apicid 
surface  of  whorls  crossed  obliquely  by  fine  sigmoidal  thread-like 
raised  lines,  at  r^ular  distances  apart  in  young  individuals  but  more 
dosely  and  less  r^ularly  packed  in  adults.  Below  slit-band  the 
whorls  are  ornamented  by  similar  transverse  lines,  but  crossing  the 
keels  nearly  at  right  angles  instead  of  obliquely.  On  both  sides  of 
the  slit-band  the  lines  are  sharply  bent  back. 

Mouth  large,  subciroular  or  oval,  slightly  oblique  to  axis  of  shell. 

Mbasurbments. 

I  II  ra 

I 

Length 

BreMth  (across  body- whorl) 
Apical  angle        

Bbmabks. — ^This  species  bears  much  resemblance  to  Fleurotomaria 
lagueata  (Lindstrom),^  from  the  corresponding  beds  of  Gotland,  in 
its  general  shape,  in  the  distribution  and  number  of  the  keels,  and 
in  the  position  of  the  slit-band,  but  differs  in  the  minute  characters 
of  the  latter,  which  is  an  important  point 

It  has  the  general  aspect  of  PL  Zloydi,  Sow.,  but  differs  in  having 
only  one  keel  above  the  slit  -  band  and  fewer  and  larger  keek 

1  LindstrSm  t  op.  oii,  p.  102,  pi.  ix,  figs.  4-6. 
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below,  and  in  the  lower  position  of  the  Blit-band  and  its  minute 
oharaoters.  The  slit-band,  in  fact,  resembles  more  closely  that  of 
PI  hidneta  (Hall)  ^  than  that  of  any  other  species  in  the  presence 
of  the  keel  along  the  middle  of  the  band  and  its  sharp  borders. 

EXPLANATION  OF  PLATE  XI. 

Fio.  1. — Fleurotomaria  eyelonema,  Salter,  sp.    Nat.  size. 

Fio.  2. — Ditto,  showing  mouth.    Nat.  size. 

Fio.  3.— Ditto,  slit-hand,     x  5. 

Fio.  4. — Iteurotomaria  Fleteh&ri,  Salter.    Nat.  size. 

Fio.  6. — Horiostoma  diacors,  var.  Maria,  Salter,  sp.    Nat.  size. 

Fio.  6. — Ditto,  nmhilical  surface.    Nat.  size. 


in. — SoMs  Sbotions  in  the  Cbbtaokous  Rooks  abound  Glyndk, 

AND  THEIB  FoSSIL  CONTENTS. 
By  J.  P.  Johnson. 

IN  the  memoir  recently  published  by  the  Geological  Survey'  on 
the  Selbomian  strata  of  England,  no  mention  is  made  of  an 
interesting  section  in  the  Oault  near  Glynde,  which  was  certainly 
in  existence  up  to  1898,  when  I  last  visited  the  district  The  object 
of  the  present  note  is  to  put  this  section  on  record,  together  with 
some  observations  on  two  chalk  quarries,  from  which  I  have  at 
various  times  collected  fossils. 

The  pit  in  the  Gault  is  situated  on  private  land  about  a  quarter  of 
a  mile  from  the  railway  station,  with  which  it  is  connected  by 
a  railroad.  As  far  as  I  can  remember,  it  showed  some  15  feet  of 
slate-blue  clay,  containing  an  abundance  of  pyrites,  and  consequently 
a  quantity  of  selenite,  though  in  small  crystals.  The  only  organic 
remains  that  were  at  all  plentiful  were  the  ammonites,  Sehlcmbaehia 
varicoaua,  Sopliies  denarius,  and  Anoyloceras  spinigerum.  The 
finding  of  a  big  tooth  of  Protosphyrana  ferox  is  noteworthy. 

The  large  quarry  in  the  Chalk  at  the  railway  station  exhibits 
a  fine  section  of  the  well-known  limestone,  which  here  contains 
a  very  small  proportion  of  clayey  matter  and  occasional  nodules  of 
maroasite.  It  is  of  Cenomanian  age,  as  shown  by  the  occurrence  of 
SehlcBnbachia  varians.  The  commonest  fossils  are  the  Selachian 
remains,  amongst  which  I  may  especially  mention  a  nice  series  of 
the  teeth  of  Seaphanorliynchus  subtdatus  and  forty-seven  associated 
teeth  of  Ptychodus  decurrens.  It  was  from  here  that  I  obtained  the 
fine  mandibular  ramus  of  Pachyrhizodus  Oardneri  which  is  in  the 
British  Museum. 

Just  outside  the  village,  on  the  right-hand  side  of  the  road  to 
Lewes,  and  joined  to  Uie  above-mentioned  quarry  by  a  railroad, 
is  another  large  excavation  in  the  Chalk.  This  is  at  a  higher  level, 
and  is  in  the  face  of  the  escarpment.  The  Chalk  differs  from  that 
already  described  in  being  free  from  argillaceous  matter;  it  also 
yields  nodules  of  maroasite  and,  in  the  topmost  beds,  a  few  flints. 
It  is  mostly  of  Turonian  age,  as  shown  by  the  abundance  of 
Rhynehondla    (hnvieri,  Inoceramus  myiiloides,  I.  Ouvieri,  and   Lima 

X  Undstrom :  op.  cit.,  p.  106,  pi.  viii,  figs.  21  and  28. 

*  **  The  Cretaceous  Rooks  of  Britain,"  vol.  i  (1900) ;  hy  A.  J.  Jukes-Browne. 
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spinosa,  bat  a  little  is  probably  Senonian,  for  the  hard  sab-ciystalline 
band  known  as  the  Chalk  Bock,  whioh  in  this  oountiy  strati- 
graphically  separates  the  two  periods,  is  oertainly  present,  though 
I  have  not  been  able  to  determine  its  exact  position,  as  the  section 
has  always  been  obscured  during  my  visits  by  the  talus  resulting 
from  blasting  operations.  I  have  a  series  of  thirty-nine  associated 
teeth  of  Ptychodus  mammilaria  from  here  in  Chalk  Bock  matrix. 

LIST  OF  FOSSILS. 


S. 

C. 

T. 

PiSCBS. 

Faehyrhizodus  Oardneri,  Msaon 

« 

dmoUchthys  ZwesiensiSf  Jjeidy     

« 

lirototphi/ranaferox,  Leidv 

{Seap?Mnorhynchi4s?)  subuUtuSf  Ag 

lamna  appendieulata,  Ag.     

*  Oxi/rhina  anffU8tideru,Sieriss*    

« 

« 

« 

* 

* 

* 

OxyrhwaManteUi^Ag 

• 

« 

Corax  falcatus,  Ag 

* 

« 

Notidanus  mierodortf  Ag 

« 

Ftyehodtis  mammilarisy  Ag 

« 

Ftychodus  decurrtn»f  Ag 

« 

Cbphalopoda. 

Nautilus  {mblavigatus,  D*  Orb.  P) 

« 

Ancyloeeras  ipinifferunty  J .  Shy 

« 

Seaphitea  HuyardianuSf  J.  Sby 

* 

Aeanthoeeras  navicularis,  Mtait 

* 

SopUtesdenariut,  J.  Sby 

* 

SehkMbaehia  varians,  J .  ShY 

Sehlcenbaehia  varieosuSf  J .  Soy 

« 

« 

Detnwceraa  Beudantif  BTong 

• 

Gastropoda. 

Aporrhais  Farkinsoni,  Mant 

« 

lUurotomaria  per$peetivaf  Mant 

* 

Pblbctpoda. 

Nueulapaetinata,  J.  Shy *    ... 

Fholadomya  decutsata,  iimt 

* 

« 

{Lima?)  apinosay  J.  Sby 

« 

FlagiotUmaglobosa,  J.  Sby ... 

• 

Jnoceramm  Cwneri,  J.  Sby 

* 

Jnoeeramui  myUloideMf  "iJLtJii 

* 

Bkachiopoda. 

Terebratula  hipHcata,  J.  Sby 

MhynehonellaCfuvieH^L'OA 

« 

* 

* 

Cbustacba. 

• 

JSnopIoelytia  SutaexiemU       

* 

ECHINOIDBA. 

Feltattea  elathratuSf  Ag 

* 

Skirting  the  Chalk  escarpment  westwards,  one  at  length  arrives  at 
the  classical  Lewes  quarries.    They  do  not  need  to  be  dealt  with 
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here,  as  they  have  already  been  deecribed,  but  I  think  it  desirable  to 
mention  three  quartz  pebbles  which  I  obtained  from  one  of  the 
workmen.  They  were  all  in  pieoes  of  ohalk,  and  one  is  enornsted 
with  a  speoies  of  Bryozoa.  From  the  finder's  desoription  I  gathered 
that  they  had  either  come  from  the  highest  of  the  Turonian  beds  or 
from  the  oldest  of  the  Senonian. 

Annexed  is  a  list  of  the  organic  remains  which  I  have  collected 
from  the  above-described  sections.  The  nomenclature  of  the 
Selachians  is  that  employed  by  Dr.  A.  S.  Woodward  in  his  *'  Notes 
on  the  Shark's  Teeth  from  British  Cretaceous  Formations."  ^  With 
regard  to  the  teeth  termed  '  Oxyrhina  angustidens/  they  are  of  two 
kinds — those  in  which  the  back  portion  is  smooth  and  those  in 
which  it  is  striated.  I  venture  to  think  that  these  should  be  referred 
respectively  to  Scaphanorhynehus  aubtdatua  and  8,  rhaphiodon.  Like 
the  Selachians,  Froloaphyrana  feroz  is  represented  by  teeth  only, 
while  Cimoliehthys  Zevesiensia  is  indicated  by  a  single  example  of  its 
peculiarly  barbed  pterygoid  teeth. 

rV. — NoTM    ON    A    Chalk    Ammonits,    probably    befbsablb    to 

Ammonites  Ramsatanus,.  Shabpb. 

By  G.  C.  Gbick,  F.G.S.,  of  the  British  Museum  (Natural  History). 

IN  1856  Sharpe  '  founded  the  species  Ammonites  Bamsayanua  upon 
a  single  deformed  specimen  (in  the  collection  of  J.  Wiest,  Esq.) 
that  was  obtained  from  the  "Chalk  with  silicious  grains,  at  Chard- 
stock,  Somersetshire." 

His  description  is  as  follows : — 

"  A  test&  discoideCl,  costat&,  tuberculat^ ;  anfractibus  paucis,  sub- 
compressis  :  costis  continuis,  bi-tnberculatis,  ad  dorsum  bifurcatibus : 
dorto  lato,  rotundato,  costato,  utrinque  tuberculato  :  umbilico  parvo  : 
apertura  oblonga. 

"  Shell  discoidal,  with  few,  slightly  flattened  whorls,  and  a  broad 
rounded  back :  the  whorls  are  ornamented  on  the  sides  by  twenty 
ribs,  each  of  which  rise  from  a  small  tubercle  at  the  edge  of  the 
umbilicus,  and  has  another  larger  tubercle  near  the  back;  at  the 
latter  tubercle  each  rib  divides  into  two  smaller  ribs,  which  continue 
across  the  back,  and  unite  again  at  the  corresponding  tubercle  on  the 
other  side  of  the  back :  umbilicus  small,  allowing  nearly  half  of 
the  inner  whorls  to  be  seen :  aperture  oblong :  the  septa  have  not 
been  seen." 

Bospecting  the  type-specimen  Sharpe  wrote : — "  The  only  specimen 
which  has  been  seen  of  this  species  is  deformed,  owing,  without 
doubt,  to  an  accident  met  with  when  very  young.  In  consequence 
of  this  malformation,  the  two  sides  have  veiy  little  resemblance  to 
each  other ;  and  the  specific  character  given  above  may  prove  in- 
oorreot  when  more  perfect  specimens  are  met  with." 

Mr.  Jukes-Browne  has  recently  called  my  attention  to  an  Ammonite' 

^  Proc.  Geol.  Assoc.,  toI.  xiii  (1894). 

>  D.  Bhaipe:  Fobs.  Moll.  Chalk  (Mon.  Pal.  Soc.),  pt.  iii,  1866,  p.  51,  pl.  xxiii, 
M,  4a-tf. 

*  For  the  loan  of  this  foasil  my  beet  thanks  are  due  to  the  Bey.  H.  H.  Tl^wood, 
M.A.,  P.G.8. 
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belonging  to  the  Bath  Maseum  that  I  think  is  referable  to  Sharpe's 
'  species.'  The  specimen  is  labelled  "  Chalk  marl :  Evershot."  The 
dimensions  of  the  type-specimen  as  given  by  Sharpe  are : — Diameter, 
1^  inch  [or  about  38  mm.]  ;  height  of  the  last  whorl,  f  inch  [<» 
about  16  mm.]  ;  width  of  the  aperture,  \  inch  [or  about  12*75  mm.]. 
On  account  of  the  malformation  of  the  specimen  the  width  of  the 
umbilicus  is  not  quite  the  same  on  the  two  sides,  but  according  to 
Sharpe's  figures,  which  from  their  other  measurements  appear  to  be 
drawn  of  the  natural  size,  the  width  of  the  umbilicus  on  the  side 
represented  in  his  fig.  4a  is  11  mm.  These  dimensions  expressed 
in  terms  of  the  diameter,  when  this  is  taken  as  100,  are : — Diameter, 
100 ;  height  of  last  whorl,  41*66 ;  width  of  the  aperture  (or  thickness 
of  the  last  whorl),  33*33 ;  width  of  umbilicus,  30. 

The  dimensions  of  the  present  specimen,  of  which  rather  more 
than  half  the  outer  whorl  belonged  to  the  body-chamber,  are : — 
Diameter,  36*5  mm.  (100);  height  of  the  outer  whorl,  14  mm. 
(39*43) ;  thickness  of  the  outer  whorl  (or  width  of  the  aperture), 
13*6  mm.  (38*0);  width  of  umbilicus,  11mm.  (32*27).  The 
specimen  is  well  preserved  and  very  nearly  symmetrical,  each  side 
closely  resembling  the  lateral  view  depicted  by  Sharpe  in  his  fig.  4a, 
and  the  transverse  section  of  the  whorl  agreeing  very  closely  with 
his  fig.  4c. 

Compared  with  Sharpe's  type-specimen,  however,  the  present 
example  exhibits  some  differences.  It  has  a  slightly  wider  umbilicus ; 
the  ribs  on  the  lateral  area  are  more  distinct  and  regular  even  up  to 
the  anterior  end  of  the  specimen,  but  less  numerous,  being  only 
sixteen  in  number  on  the  outer  whorl,  and,  in  passing  from  the 
umbilicus  towards  the  periphery,  are  more  forwardly  inclined,  whilst 
the  lateral  tubercle  is  nearer  the  middle  of  the  lateral  area.  The 
greatest  difference,  however,  is  in  the  character  of  the  periphery. 
The  whole  of  the  periphery  of  Sharpe's  type-specimen  is  broadly 
rounded  from  side  to  side.  This  is  not  quite  the  case  in  the  present 
specimen.  The  periphery  of  the  earliest  portion  of  the  outer  whorl 
is  on  the  whole  broadly  rounded  but  not  regularly  convex ;  one  side 
is  convex,  but  the  other  is  somewhat  flattened  and  in  part  depressed, 
so  that  the  periphery  of  this  portion  of  the  outer  whorl  bears  a  feeble 
groove  which  is  not  quite  in  the  median  line.  At  a  subsequent 
stage,  i.e.  at  a  short  distance  from  the  commencement  of  the  outer 
whorl,  two  broad  shallow  grooves,  about  3*5  mm.  apart,  appear 
(one  a  little  earlier  than  the  other)  one  on  each  side  of  the  median 
line,  and  almost  close  to  the  margin,  of  the  periphery;  these 
gradually  deepen  as  the  whorl  increases  in  size,  and  at  the  anterior 
end  of  the  specimen  are  about  5  mm.  apart. 

The  ribs  on  the  two  sides  are  not  opposite  but  alternate;  each 
bears  a  rather  small  compressed  transversely-elongated  tubercle  at 
the  umbilical  margin,  and  a  similar  but  more  prominent  tubercle 
at  about  the  middle,  or  rather  outside  the  middle,  of  the  lateral  area. 
On  about  the  first  half  of  the  outer  whorl  each  rib  bifurcates, 
though  not  very  distinctly,  at  the  lateral  tubercle,  and  the  broad 
feeble  branches  cross  the  periphery,  sometimes  a  little  irregularly, 
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and  join  the  branches  from  the  opposite  side,  each  branch  being 
slightly  thickened  into  an  obtnse  tubercle  at  the  margin  of  the 
periphery.  On  the  rest  of  the  outer  whorl  each  rib,  instead  of 
actually  bifurcating,  bends  slightly  backward  at  the  lateral  tubercle 
and  passes  straight  to  the  peripheral  margin,  where  it  is  slightly 
thickened  into  a  blunt  obtuse  tubercle ;  whilst  in  the  space  between 
each  pair  of  lateral  tubercles,  but  somewhat  nearer  the  peripheiy 
than  the  tubercles  themselves,  an  obscure  rib  arises  and  also  passes 
to  the  peripheral  margin,  where  it  is  also  similarly  thickened ;  the 
tubercles  on  the  intermediate  ribs  are  frequently  stronger  than  those 
at  the  extremities  of  the  principal  ribs.  In  a  few  instances  the  ribs 
are  raised  into  a  very  obtuse  tubercle  on  the  median  line  of  the 
periphery.  On  the  peripheral  area  of  the  earliest  portion  of  the 
outer  whorl,  i.e.  the  portion  bearing  the  single  feeble  groove,  the  ribs 
on  one  side  of  the  median  line  are  slightly  inclined  backwards,  whilst 
on  the  other  side  they  are  nearly  direct.  Although  portions  of  the 
septa  can  be  seen,  a  complete  suture-line  cannot  be  made  out,  but 
from  the  parts  that  are  visible  the  septa  appear  to  be  fairly 
symmetrical. 

On  the  whole  I  think  there  cannot  be  much  doubt  about  the 
present  example  being  referable  to  Sharpens  Ammonites  Bamsayanus. 
Notwithstanding  the  apparent  symmetry  of  the  specimen,  its  peri- 
phery presents  certain  appearances  which  suggest  that  the  fossil  is 
deformed. 

One  side  of  Sharpe's  specimen,  viz.  that  represented  in  his  fig.  4&, 
looks  something  like  a  deformed  Ammoniiea  Salteri,  ^  which  Sharpe 
also  described  from  the  **  Chalk  with  silicious  grains,  at  Ohardstook, 
Somersetshire,"  but  the  opposite  side  appears  to  be  quite  different. 

Sharpe's  type-specimen  certainly  was  deformed,  and  I  think  the 
Bath  specimen  is  also,  but  being  unable  to  refer  them  to  any  other 
species  which  has  hitherto  been  described  from  the  Chalk,  it  seems 
desirable  to  retain,  at  least  provisionally,  Sharpe's  name  Ammonites 
Bamsayanus. 

V. — Oscillations  in  the  Sea-ut^bl.     (Part  III.) 

By  H.  W.  Pbabson. 

{Continued from  the  May  Number ,  p.  231.) 

Data  used  in  showing  a  Period  of  High  Sea -level  in   the  North, 
culminating  about  the  years  1475  to  1500. 

NOBWICH,  England,  is  represented  as  situated  on  the  banks  of 
an  arm  of  the  sea  even  in  the  thirteenth  and  fourteenth  centuries 
(Lyell's  "Principles,"  11th  ed.,  vol.  i,  p.  521;  S.  Woodward'). 
Early  in  the  fourteenth  century  Pagham  Harbour  was  formed  by 
a  sudden  inroad  of  the  sea  (Encyc.  Brit,  vol.  xxii,  p.  723). 

^  D.  Sharpe:  Fobs.  Moll.  Chalk  (Hon.  Pal.  See.),  pt.  iii,  1856,  p.  50,  pi.  xxiii, 
ff.  3a,  6,  e,  and  5a,  b. 

'  ''History  and  Antiquities  of  Norwich  Castle,'*  1836.  Plates  showing  the 
'  Yarmouth  Hutch  Map,'  a.d.  1000,  and  at  Tarious  other  periods,  earlier  and  later  : 
drawn  from  local  records  and  geological  observations. 
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Town  of  Bye  "  situated  upon  a  rooky  eminenoe  whioh  two  or 
three  oenturies  ago  was  washed  on  all  sides  by  the  influx  of  the 
tides,  but  now,  in  consequence  of  the  gradual  recession  of  the 
sea,  lies  two  miles  inland"  (Encyo.  Brit.,  vol.  xxi,  p.  117).  In 
Charles  II's  time  (1660-1685)  a  64-gun  frigate  could  ride  in  the 
harbour  of  Bye ;  now  a  ship  of  half  that  size  could  not  obtain  an 
entrance  (Clark's  "  Guide  and  History  of  Bye,"  p.  63).  Between 
1292  and  1340  upwards  of  5,500  acres  were  submerged  by  the  sea 
in  Sussex  (Encyc.  Brit,  vol.  xxii,  p.  723).  ''It  is  said  that  old 
Winchelsea  contained  50  inns  and  taverns  and  700  householders: 
here  400  sail  of  the  tallest  ships,  it  is  said,  anchored  in  the  Camber 
near  Bye,  where  sheep  and  cattle  now  feed."  Three  hundred 
houses  destroyed  by  rising  of  the  sea  in  the  year  1250,  and  the 
destruction  made  total  by  the  great  inundation  of  1287  (Clark's 
"  Guide  and  History  of  Bye,"  pp.  64,  65). 

Great  portions  of  the  English  Fens  were  drowned  in  the  years 
1248, 1250, 1257, 1286, 1292, 1322, 1357, 1358  ;  Marshland  drowned 
in  1287,  1289,  1292,  1294,  1295,  1297,  1334,  1339,  1378,  1422, 
1520,  and  1569  ("  The  Fenland  Past  and  Present,"  p.  146).  "  In 
the  year  1362  the  unfortunate  Marshlanders  show  that  the  Lynn 
Biver,  which  formerly  was  only  12  perches  broad,  was  then 
a  full  mile  in  breadth ;  but  in  the  years  1378,  1565,  and  1608 
we  find  notices  showing  that  the  river  was  growing  wider" 
(p.  212).  Baveneserodd  destroyed  by  the  sea,  thirteenth  and 
fourteenth  centuries.  ''1377  and  1393  appear  to  have  been 
critical  years  in  the  waste  of  this  coast"  ("Lincolnshire  and 
the  Danes,"  pp.  239,  240).  Hugh  of  Levens,  in  a  petition  to  the 
Archbishop  of  York  shortly  after  1339,  says,  "  Whereas  our  manors 
and  lands  of  Saltagh,  Tharlesthorp,  Frysmerske,  Wytbfleet,  Dymelton, 
and  Baveneserodd  were  so  destroyed  every  day  and  night  by  increasing 
inundations  of  the  waters,"  etc.  (p.  46).  Towns  of  Holton,  Northrup, 
and  Newton  destroyed  at  the  same  time  (p.  49).  "  When  Henry  IV 
landed  at  Bavenspurn,  June,  1399,  the  towns  of  Bavenser  and 
Baveneserodd  had  long  been  engulfed  by  the  waters  "  (p.  57).  "  In 
that  time  (1249  to  1269)  the  sea  inundated  and  passed  over  its 
coasts  almost  throughout  the  whole  eastern  part  of  England,  and 
the  Humber,  exceeding  its  limits,  covered  the  land  even  to  our 
fishing  and  wood  of  Cotyngham"  (p.  67,  quoting  "Chronicles  of 
Meaux"  ;  Boyle,  "  The  Lost  Towns  of  the  Humber  "). 

"In  the  thirteenth  century  the  river  [Fleet  Biver  in  London] 
was  of  such  breadth  and  depth  that  ten  or  twelve  ships  at  once  with 
merchandise  were  wont  to  come  to  the  bridge  of  Fleet  and  some  of 
them  to  Holborn  bridge  "  (Whealey,  "  London  Past  and  Present," 
p.  52).  After  the  great  fire  (1666)  "the  citizens  had  it  deepened 
between  Holborn  and  the  Thames  so  that  barges  might  ascend  with 
the  tide  as  far  as  Holborn  as  before  "  (p.  53).  See  copy  of  drawing 
on  stairway  of  St.  Martin's  Free  Library,  London,  by  Anty'  van  den 
Wyngaerde  (original  in  Bodleian  Library,  Oxford).  Date  of  picture, 
1543.  This  shows  Moats  of  Tower  on  a  level  with  the  Thames  and 
full  of  water.     Shows  also  Fleet  Biver  with  bridges  at  Fleet  and 
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Holbom  streets.  There  is  no  possible  method  of  explaining  the 
peculiarities  of  this  drawing,  except  by  the  assumption  that  the 
Thames  at  that  time  stood  12  to  15  feet  higher  than  at  present. 

In  the  History  of  the  City  of  Chester,  by  Joseph  Hemmingway, 
we  read,  "  The  New  Water  Tower  was  erected  in  the  year  1322  " 
(p.  133).  ''  At  the  outside  of  this  Tower  are  fixed  great  iron  rings, 
being  of  use  heretofore  for  mooring  the  ships  "  (p.  356).  "  It  is 
certain  that  long  before  the  period  at  which  this  was  written  [about 
1706]  vessels  had  ceased  to  approach  this  tower"  (p.  356).  Quoting 
Puller  from  his  "  Worthies  of  the  City  "  (pub.  1662),  « and  now 
being  about  to  take  our  leave  of  this  ancient  and  honorable  city, 
the  worst  that  I  wish  it  is  that  the  distance  between  the  Dee  and  the 
New  Tower  may  be  made  up — that  the  rings  on  the  New  Tower 
(now  only  for  sight)  may  be  restored  to  the  service  for  which  they 
were  first  intended,"  etc. 

Castle  Huntley  (in  the  Carse  of  Oowrie,  Scotland)  was  erected  in 
1452  (Encyc.  Brit.,  vol.  xviii,  p.  667).  "  This  castle  once  had  rings 
fixed  to  it  for  mooring  the  boats  formerly  sailing  on  the  surrounding 
waters "  (Chambers,  **  Ancient  Sea  Margins,"  p.  20).  This  castle 
is  now  some  miles  from  the  sea,  and  the  ordnance  map  of  that 
region  shows  that  it  would  be  necessary  to  elevate  the  sea-level 
20  to  24  feet  to  again  allow  these  rings  to  be  put  to  their 
original  use.  '^Tet  we  have  internal  evidence  from  the  marginal 
observations  in  one  of  the  set  of  books  (Becords  of  Tide  Gauges, 
Leith,  Scotland)  that  in  the  year  1810  mean  tides  rose  to  a  point 
2  ft  10  ins.  higher  than  they  do  at  present "  (Mr.  Thomas  Smyth, 
Geol.  Mag.,  1866,  Vol.  IH,  p.  427).  Mr.  Smyth,  in  conclusion, 
stated  that  "The  upheaval  which  is  at  present  taking  place  on  the 
shores  of  the  Firth  of  Forth  and  in  Berwickshire  has  its  counter- 
part in  Caithness,  which  is  rising  at  nearly  the  same  rate  "  (p.  427). 
The  low-water  level  in  Glasgow  Harbour  has  fallen  8  feet  since 
1758:  alleged  cause,  improvements  in  bed  of  Clyde;  real  cause, 
the  so-called  upheaval  as  shown  above  by  Smyth  {Oeological 
Beeard,  1876,  p.  10).  ''The  encroachments  of  the  land  upon  the 
sea  are  strikingly  exhibited  in  the  sandbanks  and  deltas  of  the 
principal  bays  and  estuaries  of  the  island  [Arran],  and  there  can  be 
little  doubt  that  a  few  centuries  ago  the  ships  of  the  islanders  found 
a  secure  harbourage  within  the  creeks  and  bays,  where  the  heath 
and  brushwood  now  luxuriate"  (MoArthur,  "The  Antiquities  of 
Arran,"  p.  105). 

The  Gulf  Stream  Islands  were  discovered  in  1871.  "  In  the  spot 
where  these  now  are,  the  Dutch  in  1594  found  and  measured 
a  sandbank  in  soundings  of  18  fathoms,  showing  an  upheaval  here 
of  100  feet  in  300  years  "  (Joum.  Boy.  Geog.  Soc.,  1873,  p.  253). 
We  note  as  to  this  that  we  have  no  evidence  that  the  Dutch  found 
the  shoalest  water,  therefore  this  estimated  upheaval  is  probably  con- 
siderably too  large.  Diomed  Island  (on  Siberian  coast),  described 
by  Chalavrof  in  1760,  no  longer  exists ;  it  now  forms  a  part  of 
the  main  (p.  256).  "From  1730  to  1839  the  upheaval  of 
Loeffgrund  amounted  to  2  ft.  11  ins.  only  "  (Beclus ;  Harpers,  "  The 
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Earth/'  p.  531).  '<Borre,  a  village  (in  Denmark)  now  lost  amidst 
the  Fens,  stood  on  the  beaoh  in  1510"  ("The  Earth  and  its 
Inhabitants/'  Europe,  vol.  v,  p.  54).  "These  mountains  [of 
Spitzbergen]  increase  in  bulk  every  year,  so  as  to  be  plainly 
discoverable.  Leonin  was  surprised  to  find  on  the  hill,  about 
a  league  from  the  seaside,  a  small  mast  of  a  ship  with  one  of  ita 
pulleys  still  fastened  to  it "  (written  in  1646 ;  see  Joum.  Boy. 
Geog.  Soc,  1873,  p.  252).  "The  waters  over  which  the  French 
expedition  measured  an  arc  of  the  Meridian  (Tomea,  Sweden, 
1736-1737)  are  now  replaced  by  meadows"  (Phillips,  "Manual 
of  G^logy,"  p.  326).  The  general  and  recent  so-called  upheaval 
of  Scandinavia,  having  been  demonstrated  so  thoroughly  through 
modem  textbooks,  I  will  make  no  further  reference  thereto. 

Caligula  erected  a.d.  51  a  huge  tower  a  mile  from  the  coast  near 
Boulogne,  France ;  in  1544  this  tower  was  only  200  yards  from  the 
coast  ("  Antiquities  of  Hastings,"  p.  13).  Aigues  Mortes,  a  seaport 
in  the  thirteenth  century,  is  now  five  miles  inland  (Smyth,  "  The 
Mediterranean,"  p.  13).  "Some  of  the  present  vineyards  of  Agde 
were  covered  by  the  sea  only  a  century  ago  "  (written  about  1850 ; 
ibid.,  p.  13).  "The  Tower  of  Pignaux  (Lyell,  Tignaux)  erected 
on  the  shore  in  1737 ;  now  a  French  mile  from  it "  (MUner,  "  Gallery 
of  Nature,"  p.  398).  "  The  old  port  of  Talmont,  where  Henry  IV 
embarked  his  artillery  (1411),  has  become  dry  land"  ("The  Earth 
and  its  Inhabitants,"  Europe,  vol.  ii,  p.  210).  The  tower  built  by 
Michael  Angelo  in  1567  on  the  very  edge  of  the  coast  (at  mouth  of 
Tiber)  is  now  2,250  yards  inland  (Lanciani,  "Ancient  Borne," 
p.  235).  On  the  west  side  of  the  Oulf  of  Taranto  a  tower  erected 
by  the  Angevine  kings  (fourteenth  and  fifteenth  centuries)  on  the 
coast  is  now  above  a  mile  distant  from  shore  (Smyth,  "The  Medi- 
terranean," p.  36).  Poingdestre,  writing  in  1685,  says,  "  A  portion 
of  the  Jersey  Isles  became  submerged  in  1356."  "The  Ecrehous 
and  Dirouilles,  on  the  north-east  of  Jersey,  are  known  to  have 
been  much  more  extensive  than  at  present ;  they  also  sunk  probably 
in  1356"  (B.  A.  Peacock  in  Bep.  Brit  Assoc.,  1865,  p.  70). 

The  city  of  Foah  at  the  commencement  of  the  fifteenth  century 
was  on  the  Oanopic,  mouth  of  the  Nile,  now  more  than  a  mile  inland 
(Quart  Joum.  G^boI.  Soc.,  vol.  iv,  p.  346). 

J.  E.  Davis  says  that  embankments  built  near  Tremadoc,  Wales, 
since  the  sixteenth  century  now  rendered  useless  by  the  recession  of 
the  sea  (ibid.,  vol.  ii,  p.  74).  Captain  Marcus  Jones,  of  Portmadoc, 
Wales,  informed  me  April  12th,  1898,  that  his  father,  he  thinks 
about  the  close  of  last  century  or  the  first  of  this,  went  with  a  boat 
to  a  place  under  Tynyberllan,  a  short  distance  to  the  south-east  of 
Wem,  Tremadoc,  to  fetch  a  load  of  American  timber.  To  allow  this 
to  be  done  the  sea  must  necessarily  have  stood  several  feet  higher 
than  at  present,  Wem  being  now  at  least  three  miles  from  the  sea. 
Mr.  F.  L.  Edwards,  Harlech,  Wales,  in  April,  1898,  informed  me 
that  he  saw,  twenty  years  before,  an  old  lady  who,  when  she  was 
a  little  girl,  visited  an  aunt  in  a  cottage  (Cafinrhyn)  about  2\  miles 
north  of  Harlech.     During  the  night  the  tide  came  up  and  she 
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jumped  out  of  bed  into  water  up  to  her  knees.  Now  the  tide 
does  not  oome  within  three  miles  of  this  plaoe.  At  Castle  Hotel, 
Harleoh,  a  picture  of  Harleoh  Castle  (printed  by  Alex.  Bogg, 
16,  Paternoster  Bow)  is  exhibited,  showing  the  sea  reaching  to 
the  base  of  the  castle.  Sea  is  now  one  mile  distant.  It  would  be 
interesting  to  learn  the  date  of  this  picture. 

The  Zuyder  Zee  was  opened  at  the  expense  of  the  land  in  the 
first  years  of  the  thirteenth  century,  ''and  never  ceased  to  enlarge 
itself  during  200  years  "  (Reclus,  ••  The  Ocean,"  p.  164).  In  1230 
occurred  the  terrible  inundation  of  Friesland,  costing  the  lives  of 
100,000  people;  in  1231  the  lakes  of  Haarlem  overflowed,  and 
gradually  increasing  united  with  each  other  toward  1660.  In 
1277  the  Qulf  of  Dollart  began  to  be  hollowed  out.  It  was  only 
in  1637  that  the  invasion  of  the  sea,  which  had  devoured  the  town 
of  Torum  and  fifty  villages,  could  be  arrested ;  in  1287  the  Zuyder 
Zee  drowned  60,000  persons;  in  1421  seventy -two  villages  were 
submerged  at  once  ("  The  Ocean,"  p.  164).  The  island  of  Wieringer, 
part  of  the  mainland  in  1206,  was  detached  by  floods  in  1219,  1220, 
1221,  1246, 1261.  The  Biesbosch,  Holland,  formed  in  1421,  twenty- 
two  villages  drowned.  Inundations  of  the  Gulf  of  Dollart,  1277, 
1278,  1280,  and  1287.  The  western  coast  of  Schleswig  swallowed 
up  in  1240.  Fourteen  villages  in  Isle  of  Cadsand,  Zealand,  sub- 
merged in  1337.  Eortgene  Island  engulfed  in  1630  (''The  Gallery 
of  Nature,"  p.  389). 

The  record  above  given  of  the  devastation  wrought  by  the  sea  in 
Holland  between  the  years  1200  and  1600  is  but  partial ;  it  might 
be  extended  tenfold,  but  it  is  sufficient  to  show  exactly  what 
occurred  on  these  shores  during  the  period  named.  The  history  is 
plain  to  read;  about  the  year  1200  the  rising  sea-level  began  to 
overtop  the  barriers  erected  by  the  people  of  the  lowlands  for  the 
protection  of  their  homes.  Those  barriers  which  yesterday  were 
found  ample  will  to-morrow  be  found  deficient  in  height.  The 
progressive  rising  of  the  sea  exceeding  the  ability  of  man  to  elevate 
the  embankments.  The  result  is  that  during  the  260  years  or  more 
which  elapsed  before  these  waters  reached  their  highest  level,  the 
history  of  Holland  forms  one  long  chapter  of  horrors.  We  can  see 
also  that  during  the  period  when  Holland  was  sinking  beneath 
the  waves  the  English  coast  was  undergoing  the  same  ordeal,  as 
illustrated  in  the  history  of  Bye,  Norwich,  Winchelsea,  Bavenser, 
and  the  Fens,  only,  more  fortunate  than  Holland,  she  had  little 
low-lying  lands  along  her  borders  liable  to  submergence;  her 
losses,  therefore,  during  the  epoch  of  the  advancing  sea  were  less 
extensive. 

The  haven  in  which  the  Chinese  Admiral  anchored  his  fleet 
(in  Formosa,  1661)  "is  now  a  dry,  arid  plain,  over  which  there 
is  a  road  and  several  canals  cut  to  communicate  with  the  old  port 
of  Tai-wau-fu "  (Joum.  Boy.  Geog.  Soc.,  vol.  xliii,  p.  99).  "  The 
Dutch  fort  of  1624,  originally  built  on  an  islet  at  some  distance  from 
the  shore,  now  forms  part  of  Formosa,  and  under  its  ruins  the  water 
is  so  shallow  that  passengers  land  with  much  difficulty  where  was 
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formerly  deep  water  "  (Science,  vol.  v,  p.  262).  Newchang  (China), 
once  a  seaport,  abandoned  for  Taitze,  on  aoooant  of  reoession  of  the 
sea.  Taitze  in  its  turn  abandoned  daring  the  present  century,  and 
Tingtze  established  owing  to  the  shoaling  of  the  water  (Joum. 
Boy.  Qeog,  Soc,  vol.  xliii,  p.  268). 

Indian  Survey  shows  "  it  is  almost  certain  that  the  mean  sea-level 
at  Madras  is  a  foot  lower  than  it  was  sixty  years  ago "  (Science, 
vol.  iv,  p.  212).  Qaur,  or  GK>ur,  India,  subject  to  inundation  in 
1590;  not  so  now  (Enoyc.  Brit.,  vol.  x,  p.  113).  "Very  curious 
evidence  of  the  gradual  elevation  of  the  land,  or  rather  of  the 
constant  retrocession  of  the  sea,  is  afforded  by  the  traditions  of 
the  community  of  Yerawow"  (India).  "It  is  several  generations 
since  any  sea-borne  ships  have  been  near  this  ancient  port "  (Joum. 
Boy.  QBOg.  Soc.,  1870,  pp.  194r-5).  Adam's  Bridge,  connecting 
Ceylon  and  India,  breached  by  high  water  in  year  1480  (Encyo. 
Brit,  vol.  XX,  p.  266). 

Investigation  near  the  site  of  the  Temple  of  Jupiter  Serapis 
(Bay  of  Baie)  informs  us  that  about  1508  and  1511  the  level  of 
Uie  Mediterranean  Sea  at  that  point  stood  20  to  22  feet  higher 
than  at  present  (A.  J.  Jukes-Browne,  "  Physical  (Geography,"  p.  46). 
"The  period  of  deep  submergence  was  certainly  antecedent  to 
the  close  of  the  fifteenth  century"  (Temple  of  Jupiter  Serapis), 
(LyelFs  "  Principles,"  11th  ed.,  p.  173). 

Henry  Hudson  in  1610  wintered  in  an  arm  of  Hudson  Bay,  now 
impassable  except  for  small  boats.  In  1674  sloop  sailed  through 
between  island  and  the  main  west  shore  of  James  Bay.  In  1886  it 
was  difficult  to  get  through  this  passage  with  canoes  (Joum.  Science, 
ser.  IV,  voL  i,  p.  224). 

This  part  of  the  island  [Isle  of  Pines,  off  south-west  coast  of 
Cuba]  seems  to  have  been  upheaved  in  relatively  recent  times, 
for  even  within  the  historical  period  (i.e.  since  1492)  various 
islets  on  the  coast  have  been  merged  in  continuous  land  ("The 
Earth  and  its  Inhabitants,"  North  America,  vol.  i,  p.  364). 
"  Interesting  examples  of  recent  elevation  are  believed  to  occur 
in  the  neighbourhood  of  Washington,  D.C.  In  colonial  times 
Bladensburg  and  Dumfries  could  be  reached  by  sea-going  ships, 
but  now  they  are  decidedly  above  tide-level.  The  change  is 
generally  supposed  to  be  due  to  silting  up  of  the  creek,  but  this 
appears  not  to  be  the  case,  for  there  is  little  alluvium  resting  upon 
the  bed-rock  of  the  channels"  (W.  B.  Scott,  "Introduction  to 
Geology,"  p.  67). 

In  the  second  volume  of  the  Maryland  Geological  Survey, 
Mr.  Edward  B.  Mathews  discusses  at  length  the  difference  existing 
between  the  ancient  maps  of  Chesapei^e  Bay  and  the  modem 
maps.  He  examines  Captain  John  Smith's  map  of  1608,  Herriman's 
map  of  1670,  etc.  As  to  these  differences  Mathews  remarks  as 
follows:  —  "He  [Smith]  clearly  mistook  the  deeply  indented 
peninsulas  of  Dorchester  and  Talbot  Counties  for  islands  "  (p.  354). 
"  The  rest  of  the  shore-line  indicates  either  a  loose  generalization  of 
marshy  lowlands,  or  that  some  of  the  smaller  points  and  islands  are 
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of  recent  development^*  (p.  355).  ''It  may  be  suggested  that  part 
of  the  present  land  was  then  marshland"  (p.  356).  ''A  study 
of  the  shore  of  Somerset  County  (Herriman's  map)  seems  to  indicate 
that  considerable  filling  in  has  taken  place  since  the  date  of  the 
map"  (p.  381).  ''  Portions  of  the  coast,  such  as  James  Island  Marsh, 
Hazard  Point,  and  Deals  Island,  and  possibly  Nauticoke  Point,  are 
represented  by  Herriman  as  islande  clearly  separated  from  the 
mainland''  (p.  381).  '*  Seavorn  River  is  too  broad  "  (p.  382).  South 
and  west  rivers  "  show  the  constant  error  of  being  too  broad.  This, 
however,  is  a  feature  which  is  common  to  the  rivers  of  this  and 
many  other  maps  of  the  seventeenth  and  eighteenth  centuries" 
(p.  381). 

Now  these  data  so  clearly  shown  by  Mr.  Mathews  lead  to  but 
one  conclusion.  We  cannot  believe  that  these  ancient  geographers 
made  mistakes  of  observation  always  in  one  direction ;  they  mapped 
out  the  present  peninsulas  as  islands,  because  the  sea  stood  higher 
at  that  time,  and  they  were  islands;  they  mapped  out  the  rivers 
broader  than  now,  because  at  that  time  they  were  broader,  owing  to 
the  higher  sea-level.  The  filling  in  has  taken  place ;  the  ''  recent 
development"  of  islands  and  points  and  marshes  has  occurred, 
simply  because  the  sea  has  fallen  in  the  last  two  hundred  years,  and 
the  observed  change  in  the  topography  of  these  shores  is  the  necessary 
consequence. 

Zagoskin  says  "that  the  spot  where  the  fort  now  stands  [Fort 
Yukon,  Alaska]  has  been  covered  by  the  sea  within  the  memory 
of  the  Indians  living  at  the  date  of  his  visit  in  1842  and  1843  " 
(Howorth  in  Journ.  Boy.  Qeog.  Soc.,  vol.  xliii,  p.  246).  Mr.  H.  W. 
Elliot,  in  ''The  Seal  and  Salmon  Fisheries  of  Alaska,"  vol.  iii, 
states  that  when  the  natives  first  came  to  the  Pribilof  Islands, 
Novastoshnah  was  an  island  by  itself;  it  now  forms  a  portion  of 
St  Paul's  Island.  (The  natives  came  to  these  islands  immediately 
on  their  discovery  in  1766.)  "  The  lagoon  (near  village  of  St.  Paul) 
was  then  an  open  harbour,  in  which  the  ships  of  the  old  Bussian 
Company  rocked  safe  at  anchor.  To-day,  no  vessel  drawing  ten 
feet  of  water  can  get  nearer  than  a  mile  from  the  lagoon  "  (p.  21). 

Further  to  the  north,  at  Colon  and  at  Santa  Marta  and  several 
other  points  of  the  coast  of  New  Granada,  the  ground  has  visibly 
risen  since  Europeans  first  landed  on  the  Continent  (Beclus,  **  The 
Earth,"  p.  552).  The  marshes  [of  the  Vend6e,  France]  raised  above 
the  sea-level  within  historic  times  four  centuries  ago  (Encyc.  Brit, 
vol.  xxiv,  p.  137).  « In  the  reign  of  Edward  III  (1327-1377)  it 
was  unlawful  to  bathe  in  the  Fosse  or  in  the  Thames  near  the 
Tower,  the  penalty  being  death  "  ("Authorized  Guide  to  the  Tower 
of  London,"  p.  11).  This  would  show  a  full  moat  at  that  period. 
Tlie  ditch  was  dry  in  1140.  Longchamp  spent  a  large  sum  of 
money  in  1190,  "  but  he  failed  to  fill  the  ditch  with  water  "  (p.  149). 
The  easiest  explanation  of  the  presence  of  water  in  the  moat  at  the 
above  date  lies  in  the  high-water  period  then  in  existence.  The 
moat  to-day  contains  no  water  whatever. 
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Data  indicating  a  Period  of  Low  Sea-level  ahotU  the  year  1175  a.d. 

Omar,  who  wrote  about  1050  a.d.,  had  satisfied  himself  that  *'  the 
extension  of  the  sea  had  been  greater  at  some  former  periods."  He 
was  the  author  of  a  work,  "  The  Retreat  of  the  Sea."  We  can  infer, 
then,  that  he  had  observed  indications  of  a  recent  recession  of  the 
sea — in  other  words,  he  mast  have  lived  during  a  low-water  period, 
or  at  such  time  as  the  sea  had  already  made  great  recession  from  the 
high-water  position  of  875.  Bede  says  the  Channel  between  the 
Isle  of  Thanet  and  balance  of  Kent  was  three  furlongs  wide  in  the 
eighth  century,  and  it  is  supposed  it  began  to  grow  shallow  about 
1^6  ("  Principles,"  vol.  i,  p.  529).  Dantzic  at  the  same  level  now 
as  in  the  year  1000  {**  Principles,"  vol.  ii,  p.  182).  Heligoland  in 
1072  extended  over  a  space  of  900  square  kilometres  ("  The  Ooean," 
p.  153).  Island  at  the  mouth  of  the  Bay  of  St.  Malo  formed 
a  portion  of  the  mainland  in  the  twelfth  century  ("The  Earth 
and  its  Inhabitants,"  Europe,  vol.  ii,  p.  251). 

Henry  of  Huntingdon  says  about  1134,  ''This  fennie  countrie 
[the  Fens,  England]  is  passing  rich  and  plenteous,  finely  adorned 
with  woods  and  islands."  William  of  Malmsbury,  who  wrote  about 
the  year  1140,  says,  "The  Fens  were  a  very  paradise,  the  very 
marshes  bearing  goodly  trees  which  for  tallness  strived  to  reach  up 
to  the  stars  "  ("  History  and  Antiquities  of  Boston,"  p.  660).  **  It 
seems  to  show  that  Lincolnshire  was  then  [time  of  William  the 
Conqueror,  1068]  a  fertile  corn-bearing  district"  (''The  Fenland 
Past  and  Present,"  p.  98).  We  have  already  shown  how  this 
paradise,  this  fertile  corn-bearing  district — these  terms  describing 
the  condition  of  this  region  during  the  low-water  period — was  later, 
daring  the  advance  of  the  sea  between  the  years  1250  and  1500, 
submerged  and  devastated ;  this  devastation  being  contemporaneous 
with  the  inundation  of  Holland.  Dirk  II  received  in  983  a  broad 
district  that  is  now  covered  by  the  Zuyder  Zee  (Encyc.  Brit» 
vol.  xii,  p.  71).  "  There  was  [in  the  strait  between  the  Isle  of 
Thanet  and  coast  of  Kent]  a  considerable  passage  for  ships  till 
about  the  time  of  the  Norman  Conquest,  very  soon  after  which  the 
inhabitants  began  to  reclaim  the  land  that  had  been  formerly  under 
water"  (Wilson,  "The  Isle  of  Thanet  Guide,"  p.  7). 

Data  showing  the  High- Water  Epoch  of  about  875  a.d. 

"In  the  time  of  Charlemagne  the  island  [Heligoland]  was  not 
much  larger  than  now"  ("Principles,"  vol.  i,  p.  569).  In  the  year 
800  the  sea  carried  off  large  quantities  of  soil  from  Heligoland 
("  Gallery  of  Nature,"  p.  388).  In  the  years  800  to  900  "Tempests 
change  the  coasts  of  Brittany ;  valleys  and  villages  are  swallowed 
up"  (loc.  cit).  Channel  between  the  Isle  of  Thanet  and  main- 
land was  three  furlongs  wide  in  the  eighth  century  ("Principles," 
vol.  i,  p.  529).  In  660  the  Rhine  inundated  the  country  ("The 
Ocean,"  p.  153).  "  Some  antiquarians  maintain  that  the  submarine 
trees  that  occur  along  the  coast  between  St  Malo  and  Cape  La 
Hogue  are  the   relics   of  a  broad  belt  of  forest  land,  which  was 
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overwhelmed  by  the  sea  in  the  year  709,  although  the  submergence 
was  not  completed  until  860"  (Jas.  Geikie,  "Prehistoric  Europe," 
p.  481).  ''  Migulon  and  Psalmody  were  islands  in  the  year  815,  and 
m  1820  they  were  two  leagues  from  the  sea"  (*'The  Mediterranean/' 
p.  18).  Fwd.  de  Lesseps  shows  that  eleven  centuries  ago  (about 
800)  the  mean  level  of  the  Red  Sea  was  about  three  metres  higher 
than  now  {Oeological  Beeord,  1874,  p.  146). 

Certain  ancient  documents  now  existing  in  the  Town  Hall  of 
Bye  (Charter  of  King  Bichard  I,  1194,  etc.)  plainly  show  that  prior 
to  that  date  the  sea  had  surrounded  the  town  of  Bye  (Bep.  Brit 
Assoa,  1890,  p.  825).  '<  A  deplorable  state  of  the  Fens  (England) 
is  depicted  by  some  who  wrote  of  that  period  (early  part  of  eighth 
century).  Dugdale  shows  that  the  fresh  waters  were  of  wide  extent 
and  deep"  ("  The  Fenland  Past  and  Present,"  p.  71).  Again,  " The 
Isle  of  Ely  was,  even  at  that  early  period  (870  a.d.),  a  place  of 
refuge ;  parties  detached  from  the  fleet  (Danes)  passed  up  the  river 
in  quest  of  booty,  for  such  was  the  depth  of  the  water,  which 
extended  to  the  sea,  that  they  had  an  easy  access  into  it  by 
shipping"  (p.  82).  (Now  Ely  is  30  miles  from  the  sea.)  "The 
tide  then,  1,000  years  ago,  flowed  up  the  river  Witham  to  Lincoln  " 
("Lincolnshire  and  the  Danes,"  p.  195). 

In  the  years  800  to  950  the  isles  of  Ammiuno  and  Costanziaco, 
near  Venice,  disappear  ("  Grallery  of  Nature,"  p.  388).  Notre  Dame 
des  Ports  "  was  also  a  harbour  in  898,  but  is  now  a  league  from 
the  shore"  (p.  393).  Saugus  Island,  at  mouth  of  Biver  Ganges, 
at  one  time  contained  the  largest  city  in  India;  this  city  was 
entirely  destroyed  by  the  sea  1,000  years  ago  (from  card  on  exhibit 
in  Memorial  Hall,  Philadelphia;  authority  quoted,  Sir  Wm.  Jones). 
"This  seems  to  place  Lydd  on  the  shore  (year  774),  though  it  is 
now  nearly  three  miles  from  the  shore"  (Greenwood,  "Bain 
and  Bivers,"  p.  63).  "The  present  position  of  several  edifices 
situated  in  the  island  of  Munkbolm,  near  Trondhjiem,  proves  that 
during  a  thousand  years  the  elevation  of  the  ground  has  been  less 
than  20  feet "  ("The  Earth,"  p.  532).  Verawow,  India,  was  settled 
more  than  800  years  ago.  "  At  that  time  sea-going  ships  came  with 
ease  to  the  vicinity  of  the  present  town,  and  they  still  show  the 
stone  posts  to  which  the  ships  were  moored"  (Joum.  Boy.  Qeog, 
See.,  1870,  p.  195).  "  About  the  year  850  there  occurred  a  fearful 
inundation  of  the  Tigris"  ("  The  Bemains  of  Lost  Empires,"  p.  260). 

Data  as  to  Low-Water  Period  of  about  600  a.d. 

The  Archipelago  of  Chausey  is  stated  in  the  ''Lives  of  the 
Saints "  to  have  formed  part  of  the  mainland  in  the  beginning  of 
the  eighth  century,  the  area  now  covered  by  the  sea  being  then 
occupied  by  a  vast  forest  (Beclus,  "Europe,"  vol.  ii,  p.  251).  It  is 
well  known  that  previous  to  a.d.  709  the  whole  Bay  (Bay  of 
Mont  St.  Michel)  as  far  as  Chausey  rocks,  and  for  a  considerable 
breadth  northwards  as  far  as  Cape  La  Hague  and  the  country 
southwards  as  far  as  Dol,  was  the  forest  of  Scisey  (Bep.  Brit. 
Assoc,  1865,  p.  70).     ''It  is  certain  that  Mont  St.  Michel,  which 
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contains  now  only  about  20  acres,  was  immediately  previous  to 
A.D.  709  six  miles  long  by  four  broad  and  covered  by  forests'' 
(loo.  cit).  Abbey  of  Whitby,  erected  in  658,  is  reported  to  have 
been  a  mile  from  the  sea.  The  distance  in  1816  was  little  more  than 
200  yards  ("  Gallery  of  Nature,"  p.  394).  The  passage  between 
the  Isle  of  llianet  and  the  coast  of  Kent,  which  remained  in  "  perfect 
state  "  so  long  as  the  Eomans  remained  in  Britain,  "  in  Bede's  time 
(circ.  675  to  735),  and  perhaps  an  age  before  that,  began  to  decline 
by  diminishing  ito  breadth,  etc."  (S.  B.  Wilson,  "  The  Isle  of  Thanet 
Guide,"  p.  6). 

Data  as  to  High- Water  Period  of  about  350  a.d. 

Norwich,  **m  the  time  of  the  Saxons,  was  situated  on  the  banks 
of  an  arm  of  the  sea,  an  estuary  which  has  since  become  a  region  of 
cultivated  fields"  (** Gallery  of  Nature,"  p.  396).  "The  former 
Roman  port  of  Alaterva  (Cramond,  Scotland),  the  quays  of  which 
are  still  visible,  is  now  situated  at  some  distance  from  the  sea,  and 
the  ground  on  which  it  stands  has  risen  at  least  24j^  feet"  In  other 
places  the  d6bris  scattered  on  the  bank  show  that  the  coast  has  risen 
about  26^  feet.  Now  by  a  remarkable  coincidenoe  the  ancient  wall 
of  Antoninus,  which  at  the  time  of  the  Bomans  served  as  a  barrier 
against  the  Picts,  comes  to  an  end  at  a  point  26  feet  above  the  level 
of  high  tides  "  ("  The  Earth."  p.  537).  The  Isle  of  Thanet  was 
separated  from  the  rest  of  Kent  in  the  time  of  the  Bomans  by 
a  navigable  channel,  through  which  fleets  sailed  ("Principles," 
p.  529).  During  the  course  of  the  third  century  tradition  tells  us 
that  the  island  of  Walcheren  was  separated  from  the  Continent 
(Beclus,  "The  Ocean,"  p.  153).  "The  Hythe  coast  must  have 
risen  quite  30  feet  since  Boman  times  "  (Gbol.  Mag.,  April,  1885, 
p.  145).  Valerius  Maximus  states  that  a  bank  was  erected  in 
230  A.D.  to  keep  out  sea  and  storm  from  the  Temple  of  Serapis 
(Quart.  Joum.  Geol.  Soc.,  1847,  p.  213).  Note  this  is  evidence  that 
the  sea  was  rising  at  that  time,  and  had  reached  an  elevation  about 
equivalent  to  its  present  level. 

Sir  Charles  Lyell  and  Sir  Archibald  G^ikie  believe  with  many 
others,  including  Smyth,  that  there  had  been  a  considerable  upheaval 
of  the  shores  of  the  Firth  of  Forth  since  the  period  of  the  Boman 
occupation  (Geol.  Mao.,  1866,  p.  426).  Mr.  Smyth  shows  on  the 
same  page  that  the  upheaval  must  have  been  at  least  24^  feet. 
Mr.  G.  A.  Lebour  argues  from  the  standpoint  of  geology,  tradition, 
and  history  that  the  city  of  Is  in  Lower  Brittany  was  submerged 
in  the  reign  of  King  Gradlou,  in  the  fourth  or  fifth  century  (Gbol. 
Mao.,  1871,  p.  300).  Sir  J.  A.  Picton  describes  a  Boman  wharf 
in  the  Bood-eye  (Chester),  now  the  racecourse,  but  formerly  a  haven 
for  ships,  with  a  considerable  depth  of  water  (Proc  Liverpool 
GeoL  Soc.,  vol.  vi,  p.  39).  Note  ordinance  map  (6  in.),  No.  38-11-16 ; 
seems  to  show  that  a  rise  of  the  sea-level  equivalent  to  24  or  25 
feet  would  be  necessary  to  allow  this  ancient  dock  or  this  old  haven 
to  be  again  put  to  their  original  uses. 

Hengist  and  Horsa,  the  Siaons,  landed  at  Ebb's  Fleet,  Thanet^ 
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in  449 ;  as  this  point  is  now  1^  to  2  miles  back  from  the  present 
coastline,  it  wonld  seem  that  the  sea  must  have  stood  at  least  15  feet 
higher  on  those  ooasts  at  that  date  than  it  does  to-day.  Mr.  J.  E.  H. 
Thomson  draws  attention  to  a  passage  in  the  "  Aota  Petri  et  Paoli," 
which  passage  leads  him  to  suggest  that  the  submergence  of  the 
Temple  of  Serapis  probably  occurred  between  the  "  middle  of  the 
third  oentury  and  Uie  middle  of  the  fourth  "  (Bonney,  ''  The  Story 
of  our  Planet,"  p.  203). 

Data  OB  io  Zaw-Water  Period  of  SO  a.d.,  showing  also  that  the  sea-level 
was  then  lower  than  at  present, 

Septimus  Severus  between  194  and  211  a.d.  decorated  the  Temple 
of  Jupiter  Serapis.  Alexander  Severus  did  the  same  between  the 
years  222  and  235  a.d.  These  facts  indicate  a  low-water  period 
at  that  time  ("Principles,"  11th  ed.,  vol.  ii,  pp.  171,  172).  Pliny 
(before  79  a.d.)  visited  the  Straits  of  Gibraltar,  and  speaks  of  a  low- 
lying  island  upon  which  were  the  remains  of  the  Temple  of 
Hercules.  Pomponius  Mela  about  the  same  time  describes  the 
straits  as  broken  by  a  number  of  small  islands ;  all  these  islands 
are  now  submerged.  In  1728,  during  an  extraordinary  low  tide 
the  remains  of  this  temple  were  clearly  seen,  and  souvenirs  obtained 
from  the  ruins  {Science  Becord,  1876,  p.  54i3).  St  Paul  embarked 
from  Assus  over  a  mole  now  visible  under  the  clear  water  (Encyc. 
Brit,  vol.  xxiii,  p.  580).  At  date  of  9  b.o.  St  Michael's  Mount, 
Cornwall,  seems  to  have  been  at  the  same  level  with  regard  to 
the  sea  as  now  ("Principles,"  vol.  i,  p.  544).  In  the  island  of 
Capri  one  of  the  palaces  of  Tiberius  (14  to  37  a.d.)  is  now  covered 
with  water  (vol.  ii,  p.  176).  He  (Strabo,  about  54  B.C.  to  20  a.d.) 
has  brought  together  a  large  amount  of  material  to  throw  light 
upon  the  changes  which  have  passed  over  the  face  of  the  earth 
owing  to  the  retirement  of  the  sea  (Tozer,  "  History  of  Ancient 
(Geography,"  p.  251).  The  island  of  Batavia,  inhabited  in  the  days 
of  Tacitus,  is  drowned  (Joum.  Science,  ser.  iii,  vol.  xliv,  p.  179). 

Mr.  B.  A.  Peacock,  in  Bep.  Brit.  Assoc.,  1865,  shows  that  in  the 
time  of  Ptolemy  (say  100  to  175  a.d.)  the  coast  of  Normandy 
probably  extended  seventeen  miles  west  of  its  present  position,  that 
Mont  St.  Michel  at  one  time  was  ten  leagues  from  the  sea,  and 
states  his  belief  that  "  Jersey  was  not  an  ishmd  until  after  Ptolemy's 
time."  The  entrance  to  the  Gulf  of  Corinth,  which  in  the  time  of 
the  Peloponnesian  War  (1st,  2nd,  and  3rd,  between  years  431  and 
404  B.G.)  had  a  width  of  seven  stadia,  had  become  reduced  in 
Strabo's  time  to  a  breadth  of  five  stadia  ("The  Earth  and  its 
Inhabitants,"  Europe,  vol.  i,  p.  50).  "From  which  account  it 
sufficiently  appears  that  the  most  considerable  part  of  the  gpreat 
level  (in  Fens  of  England)  was  anciently  sound  dry  land  by  nature, 
well  furnished  by  timber,  trees  and  woods.  That  this  was  the  state 
of  the  great  level  when  the  Bomans  entered  the  island,  is  highly 
probable"  ("  The  Fenland  Past  and  Present,"  p.  29,  quoting  from 
Xistobb;  Bomans  invaded  England  43  a.d.).  Caligula's  tower, 
previously  mentioned  as  showing  the  high-water  period  of  1500, 
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and  which  was  undermined  hj  the  sea  in  1644,  can  also  be  used  to 
show  the  low- water  stage  at  its  time  of  erection  (51  a.d.),  as  it  was 
then  a  mile  from  the  sea.  Pliny  counted  twentj-three  islands 
between  the  Texel  and  the  Eider.  Now  only  sixteen,  and  those 
greatly  diminished  in  size  ("  Principles,"  9th  ed.,  p.  329).  "  Pliny 
states  that  the  city  of  Apologos  (at  the  head  of  Persian  Gulf)  was 
originally  only  ten  miles  from  the  sea,  but  that  in  his  time  the 
existing  place  was  so  much  as  120  miles  from  it"  (McCrindle, 
"The  Com.  and  Nav.  of  the  Erythraean  Sea,"  p.  104).  Jersey 
was  probably  part  of  the  Continent  in  Caesar's  time  and  still  later 
(Peacock,  "  Vast  Sinkings  of  Land,"  p.  13). 

Data  a$  to  High-Water  Period  of  about  250  b.o. 

The  two  piers  of  the  port  of  Phalasama,  a  city  of  late  Hellenic 
date,  are  now  22  feet  above  their  original  level  (Prestwich,  "Tra- 
dition of  the  Flood,"  p.  57).  The  Gulf  of  Poitou  (France)  2,000 
years  ago  was  18  to  20  miles  wide,  now  but  a  small  bay  known 
as  the  creeks  of  Aiguillon  (Reclus,  "The  Earth,"  p.  541).  Bay  of 
Tunis,  once  a  deep  and  open  harbour,  now  has  only  6  or  7  feet  of 
water.  Shaw  identifies  at  a  point  now  inland,  but  which  must 
anciently  have  been  on  the  seashore,  the  '  Port '  (now  village  of 
El  Mersa)  as  the  ancient  harbour  of  Carthage  (Smith's  Diet 
Greek  and  Roman  G^g.,  pp.  531-2).  It  is  certain  beyond 
question  that  the  high-water  stage  shown  above  for  the  Bay  of 
Tunis  and  harbour  of  Carthage  was  in  existence  during  the  period 
of  the  three  Punic  wars,  or  &)m  264  to  146  b.o.  Aleria  or  Alalia 
(a  city  of  Corsica),  a  seaport  in  Boman  times,  captured  by  the 
Koman  fleet  259  b.o.,  is  now  above  half  a  mile  from  the  coast 
(ibid.,  p.  94).  At  the  time  of  Herodotus  (died  425  b.o.)  the 
mountain  of  Lade  was  an  island ;  at  the  present  time  it  forms  part 
of  the  mainland  ("The  Earth,"  p.  542). 

Admiral  Smyth  shows  in  "The  Mediterranean,"  p.  73,  that  this 
island  of  Lade  sheltered  the  Athenian  fleet  a.o.  412  or  341  B.C., 
and  alleges  as  the  cause  of  junction  between  the  islands  and  the 
mainland  the  silting  action  of  the  Meander  Biver.  On  the  other 
hand,  Beclus  ("The  Earth,"  p.  542)  denies  the  competence  of 
silting  to  explain  the  changed  topography  of  the  shores  of  Asia 
Minor,  and  says,  "It  must  therefore  be  in  consequence  of  a  slow 
upheaval  of  the  earth's  crust  that  the  ruins  of  Troy,  Smyrna, 
Ephesus,  and  Miletus  have  gradually  become  more  distant  from 
the  ooast  and  appear  to  be  receding  still  further  inland."  Tyre 
was  an  island  up  to  the  time  of  Alexander's  siege  (322  b.o.).  The 
present  harbour  is  not  so  large  as  it  onoe  was.  The  other  ancient 
harbour  has  disappeared  (Encyc.  Brit.,  vol.  xxiii,  p.  711). 

The  town  of  Putai  (China),  said  to  have  been  on  the  coast  twenty- 
one  centuries  ago,  is  now  over  forty  miles  away  ("  The  Earth  and 
its  Inhabitants,"  Asia,  vol.  ii,  p.  104).  In  twenty-two  centuries  the 
Bhone  delta  has  run  out  26  kilometres  into  the  sea  {Oeologieal 
Beeord,  1875,  p.  82).  The  coastline  of  Tunis  has  increased  outwards 
nearly  100  square  miles  in  area  since  the  third  century  b.c.    This 
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has  led  Th.  Fisoher  to  include  Tonis  in  the  lists  of  rising  coasts, 
with  Sicily,  Sardinia,  and  South-Eastem  Prance.  Dr.  J.  Partsch,  of 
Breslan,  questions  this  conclusion,  and  alleges  the  cause  to  be  delta 
growth  in  combination  with  wind  action,  by  which  sand  has  been 
blown  inland  from  the  shore  (Science,  vol.  ii,  p.  142).  The 
position  of  Dr.  Partsch  seems  ref^ited  by  the  same  arguments  used 
by  Reclus,  in  the  case  of  Sicily  and  coasts  of  Italy,  Greece,  Malta, 
Rhodes,  Cyprus,  Crete,  Asia  Minor,  Lisbon,  Issa,  Antissa,  etc.  In 
all  these  cases  the  silt  carried  by  the  rivers  is  entirely  inadequate  to 
explain  the  facts ;  it  is  necessary,  therefore,  to  invoke  either  upheaval 
of  the  ground  or  recession  of  the  sea  (see  **  The  Earth,"  p.  642). 

"The  Cimbrian  Deluge  (submergence  of  Jutland)  is  supposed 
to  have  happened  about  three  centuries  before  the  Christian  era  " 
("  Principles,"  9th  ed.,  p.  331).  A  portion  of  the  walls  of  the 
city  of  Utica  washed  by  the  sea  at  siege  by  Soipio  Africanus  about 
206  B.O.  (Livy,  Book  xxix,  chap.  34).  Sea  now  many  miles  distant 
**  Soipio  was  obh'ged  to  transfer  his  camp  to  an  adjoining  tongue  of 
land  (Ghella),  then  washed  by  the  sea,  but  now  far  inland,  which 
was  known  for  centuries  afterwards  as  the  Gastra  Cornelia.  So 
ended  the  year  b.o.  204  "  («  Carthage  and  the  Carthaginians,"  p.  296). 
Lake  Mareotis  in  the  time  of  Alexander  the  Great  a  large  body  of  water 
navigable  for  the  largest  vessels,  but  now  little  more  than  a  swamp 
(Professor  Wheeler  in  Century  Mag.,  May,  1899,  p.  28).  In  the 
time  of  Alexander  great  inundations  in  Arem  (Arabia)  compelled 
eight  tribes  to  fly  their  dwellings  in  Yemen  and  migrate  to  other 
lands  ("The  Cottage  Cyclopedia,"  p.  61).  Helice  and  Bura  in 
Greece  were  swallowed  up  by  the  sea  during  an  earthquake  in 
373  B.O.  ("The  International  Atlas,"  p.  11).  At  the  capture  of 
Tarentum  by  Hannibal,  about  213  b.o.,  the  sea  washed  the  greater 
part  of  the  citadel  (Livy,  Book  xxv,  chap.  11). 


ITOTICES    OIF    l^El^OIRS- 

I. — Pbtbolkuii    ih    California.      Professor    E.    W.    Clatpolb: 
The  American  (Geologist,  vol.  xxvii,  pp.  150-159,  March,  1901. 

npHB  Califomian  oil-wells  supplied  the  amount  of  12,000  barrels 
X  in  1870  ;  but  a  progi-essively  larger  quantity  has  been 
obtained,  until  in  1899  it  was  2,665,709  barrels.  It  is  remarkable 
that  the  wells  are  relatively  shallow,  and  that  none  of  the  oil- 
bearing  strata  are  older  than  the  Cretaceous  age :  thus,  at  Stockton 
they  are  Quaternary ;  at  Puente,  Los  Angelos,  and  Kern  Co.  they  are 
Pliocene;  at  Ventura,  Los  Angelos,  Rem  Co.,  and  Newhall  they 
are  Miocene ;  at  Ventura,  Fresno,  and  Rem  Co.,  Eocene ;  at  Colusa 
Co.  and  Sacramento  Valley  they  are  of  Cretaceous  age.  The  strata 
of  California  have  been  greatly  disturbed  in  comparatively  recent 
times.  The  final  elevation  of  the  Sierra  Nevada  and  the  Coast-range 
is  apparently  of  not  earlier  date  than  the  Pliocene  period.  The 
oil-bearing  beds  usually  consist  of  sandstone  interlaminated  with 
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shale;  and  is  chiefly  stored  in  the  former.  Professor  Claypole 
states  that  the  anticlinal  theory  explained  by  Professor  L  0.  White 
in  Pennsylvania  holds  good  for  California.  — ^T.  B.  J. 

II.  —  Mabtland  Gkologioal  Subvbt  :  Allbohant  County. 
(Baltimore,  1900,  pp.  323.)  —  William  Bullock  Clarke  and  his 
staff  have  produced  one  of  those  interesting  volumes  we  are  so 
accustomed  to  see  from  the  United  States,  and  which  are  so  well 
printed  in  comparison  with  those  published  by  our  own  (Jovemment. 
The  Physiography,  by  Cleveland  Abbe,  is  illustrated  by  a  photograph 
of  a  model  of  the  county,  from  which  the  student  can  see  at  a  glance 
the  general  features  of  the  land,  and  thus  clearly  follow  the  descrip- 
tions of  the  author.  Next  comes  the  Geology,  by  C.  C.  O'Harra. 
This  includes  Silurian  to  Permian  beds  overlain  by  alluvial  and 
other  late  deposits.  The  Minerals,  Soils,  Climate,  Hydrography, 
Magnetics,  Forests,  Flora,  and  Fauna  are  all  treated  of  in  detail. 
The  whole  is  illustrated  in  the  usual  manner  by  excellent  repro- 
ductions from  photographs,  and  a  bibliography  of  175  items  is 
furnished.  Among  the  maps  provided  are,  one  showing  the  wooded 
areas,  another  showing  the  magnetic  declination,  and  a  third  showing 
structural  sections.  These  latter  are  geological  sections  across  the 
county  at  regular  intervals,  and  give  the  reader  a  better  idea  of  the 
features  than  pages  of  descriptive  writing.  A  good  index  completes 
the  volume. 

III.  —  Thb  Cabbonipbrous  System  in  Eastkbn  Canada. — 
Dr.  H.  M.  Ami  writes  in  the  Trans.  Nova  Scotia  Inst.  Sci.,  vol.  x, 
on  the  subdivisions  of  the  Carboniferous  system  in  Eastern  Canada, 
with  special  reference  to  the  position  of  the  Union  and  Biversdale 
formations  of  Nova  Scotia,  referred  to  the  Devonian  system  by 
some  Canadian  geologists.  He  discusses  the  evidence  afforded 
from  a  study  of  plant  and  animal  life,  and  of  the  marine  sediments. 
He  has  come  to  the  conclusion  that  the  two  formations  mentioned 
above  belong  properly  to  the  earliest  times  of  the  Carboniferous, 
and  proposes  to  include  them  in  that  system  under  the  name  of 
Eo-Carboniferous.  Dr.  Ami  seems  to  have  taken  a  good  deal  of  trouble 
in  arriving  at  his  conclusions,  and  has  submitted  collections  of  the 
fauna  and  flora  to  certain  specialists  so  as  to  get  independent  opinion 
as  to  their  several  ages. 

IV.  —  Edinbuboh  Geolooioal  Society.  (Transactions,  1901, 
vol.  viii,  pt.  1.) — Petrology  is  to  the  fore  in  this  part.  Eynaston 
has  a  paper  on  contact  metamorphism  round  the  Cheviot  Granite, 
and  writes  on  Tuffs  associated  vnth  the  Andesite  Lavas  of  Lome. 
Mackie  gives  seventy  analyses  of  rocks  chiefly  from  the  Moray  area, 
and  has  a  paper  on  differences  in  chemical  composition  between  the 
oentral  and  marginal  zones  of  granite  veins,  with  further  evidences 
of  exchanges  between  such  veins  and  the  contact  rocks.  Hinxman 
describes  spherulitic  felsite  from  Glen  Feshie.  Stratigraphy  is 
handled  by  Goodchild,  who  deals  with  recent  exposures  of  rock  in 
Edinburgh,  one  section  being  under  the  site  of  the  new  offices  of 
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the  Scotsman;  by  Wallace,  who  writes  on  the  geology  of 
Strathdeam;  Eirkby,  on  Lower  Carboniferous  of  Banderstone  in 
Fife ;  and  Cadell,  on  the  geology  of  the  oil  shales  of  the  Lothians. 
Jessen,  of  the  Geological  Survey  of  Denmark,  has  an  interesting 
paper  on  the  Pleistocene  shell-bearing  clays  in  Kintyre,  clays  which 
were  investigated  by  a  committee  of  the  British  Association  in 
1895-6.  Palaeontology  is  poorly  represented:  Kirkby  deals  with 
Ostracoda  from  the  Scotsman  section  mentioned  above,  but 
nothing  new  is  recorded;  Simpson  and  Hepburn  write  on 
mammalian  bones  found  during  excavations  at  Hailes  Quarry, 
near  Edinburgh.  These  consist  of  fragments  referable  to  red 
deer,  horse,  ox,  goat,  and  field- vole.  Mr.  James  Simpson,  who  died 
before  the  publication  of  his  paper,  receives  a  sympathetic  notice 
from  his  colleague.  Some  notes  on  the  distribution  of  erratics 
over  Eastern  Moray,  by  Mackie,  concludes  the  contents  of  this  part 

V. — Journal  of  the  Geological  Society  of  Tokyo  :  vol.  viii. 
No.  89,  Feb.  20th,  2661.— Things  move  fast  in  Japan ;  here  we 
are  still  in  the  twentieth  century,  llie  publications  of  the  Japanese 
Survey  are  too  well  known  to  require  mention  to  the  readers  of  the 
GsoLoaiOAL  Magazine,  but  we  may  certainly  call  attention  to  the 
opening  of  the  twelfth  volume  of  the  Journal  of  the  Geological 
Siooiety  of  Tokyo.  The  Journal,  which,  with  the  exception  of  the 
''Table  of  Contents"  upon  page  1  of  the  cover,  is  all  printed  in 
the  usual  Japanese  characters,  opens  with  "  A  Geological  Disturbance 
near  Handayama,"  by  E.  Inoue,  but  from  the  text  we  are  uncertain 
whether  or  not  it  was  of  Old  Red  Sandstone  age.  Mr.  Iki  has 
a  paper  on  the  geology  of  the  Middle  Eiushiu,  and  Hirabayashi 
writes  on  the  province  Kian  Si.  llie  Shidara  Tertiary  Basin  in 
Mikawa  is  continued  from  the  last  part  by  Ishikawa,  and  Yoshida 
contains  his  report  on  the  southern  part  of  Higo.  Those  suffering 
from  Ammonititis  will  find  a  fascinating  paper  on  the  Genealogy  of 
the  Gtoera  Puzosia  and  Desmoceras  by  H.  Yabe.  In  this  paper  full 
justice  is  done  to  previous  authors,  the  various  species  are  discussed 
and  grouped,  and  their  development  carefully  considered.  Perhaps 
to  a  Western  eye  the  relationships  of  the  various  characters  seem 
a  little  mixed,  but  they  are  very  clearly  printed. 

VL — Geology  of  Hawail — As  might  be  expected,  the  newly 
annexed  Hawaiian  Islands  have  been  descended  upon  by  United 
States  geologists,  and  we  have  for  notice  a  report  by  0.  H.  Hitchcock 
on  the  geology  of  Oahu.  This  was  read  before  the  Geological 
Sooiety  of  America,  August  22nd,  1899,  and  issued  in  the  Bulletin 
February,  1901.  The  author  can  scarcely  complain  of  hasty 
publication.  Naturally  the  bulk  of  the  geology  is  volcanic,  but 
there  ia  an  interesting  chapter  on  certain  calcareous  and  tufaceous 
beds  near  Diamond  Head,  by  W.  H.  Dall.  Dr.  Dall  considers  the 
conditions  to  be  incompatible  with  the  reference  of  these  fossiliferous 
beds  to  a  period  as  late  as  the  Pleistocene,  but  the  fossils  have  every 
characteristic  of  those  generally  assigned  to  the  Pliocene  or  Upper 
Miocene  in  their  general  aspect  and  state  of  fossilization.     There  is 
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a  breooia  in  the  same  locality,  25  feet  thick,  which  is  fall  of  fossil 
land-shells,  all  such  as  have  their  representatiyes  in  the  valleys 
of  Oaha,  though  some  of  the  species  may  be  extinct.  Professor 
Lyons,  who  first  noticed  these  shells,  concludes  that  ''the  fossils 
belong  to  a  period  previous  to  that  of  the  receding  of  the  ocean  to 
its  present  level.  That  event  may  have  been  coetaneons  with  the 
change  of  level  in  the  circumpolar  area  which  marked  the  close  of 
the  great  Glacial  period,  and  the  evidences  that  our  climate  was, 
previously  to  that  time,  more  humid  than  at  present,  are  confirmatory 
of  that  view."  Towards  the  north  there  is  a  ledge  of  coral  79  feet 
above  the  sea,  at  Kahe,  and  730  feet  distant  from  Uie  water,  south  of 
Puu  o  Hulu,  he  mentions  another  ledge  56  feet  above  the  sea  and 
a  quarter  of  a  mile  inland.  At  the  south  end  of  the  ridge,  called 
Mailiilii,  the  limestone  reaches  the  height  of  81  feet;  and  at  other 
localities  on  the  coast,  limited  areas  of  the  same  substance  more  or 
less  elevated  have  been  observed.  The  volcanic  areas  are  fully 
described  and  illustrated. 

VII. — Glaoiation  in  South  Afbioa. — ^The  Orange  River  Ground 
Moraine  forms  the  subject  of  a  communication  to  the  Transactions 
of  the  Philosophical  Society  of  South  Africa  (vol.  xi,  pt.  2,  Sept., 
1900),  from  the  pen  of  A.  W.  Bogers  and  B.  H.  L.  Schwarz.  They 
give  four  excellent  photographs.  The  deposit  covers  a  wide  area  in 
the  Prieska  and  Hope  Town  divisions  of  the  Colony,  and  consists  of 
a  peculiar  conglomerate,  first  noticed  by  Wyley  in  1859.  The 
authors  arrive  at  the  following  conclusions  : — "  The  appearances  seen 
in  the  three  localities,  Jack^'s  Water,  Klein  Modder  Fontein,  and 
Vilet's  Euil,  at  considerable  distances  apart,  can  be  satisfactorily 
explained  only  on  the  supposition  that  the  country  was  traversed 
by  land-ice;  and  the  presence  of  the  till-like  variety  of  the  con- 
glomerate in  the  same  district,  probably  about  the  same  localities, 
confirms  that  explanation.  Unfortunately  the  exact  nature  of  the 
conglomerate  at  the  three  localities  is  unknown,  that  is,  whether  it 
is  a  true  till  or  whether  it  is  a  stratified  rock  with  glaciated  pebbles. 
We  only  know  that  the  rock  contains  numerous  scratched  pebbles 
and  boulders ;  but  this  is  a  small  point  and  does  not  affect  the 
confirmation.  It  is  evident  that  the  country  was  depressed  under 
water  after  the  formation  of  the  till  of  Prieska,  and  it  is  quite 
possible  that  sedimentary  rocks  were  deposited  on  a  floor  consisting 
partly  of  till  and  partly  of  the  floor  from  which  the  soft  till  had 
heen  removed,  or  on  which  no  accumulation  had  taken  place." 

VIII. — Geology  op  India. — From  the  "General  Report  on  the 
work  carried  on  by  the  Geological  Survey  of  India  for  the  period 
from  the  Ist  of  April,  1899,  to  the  31st  of  March,  1900,"  we  gather 
a  favourable  impression  of  progress.  In  the  Museum  the  minerals 
have  been  rearranged  and  the  rock  collections  put  in  stratigraphical 
order  in  accordance  with  the  new  edition  of  the  "  Manual  of  Indian 
Geology."  A  large  amount  of  time  was  occupied  by  the  preparation 
^f  the  specimens  for  the  Exposition  at  Paris,  which  were  placed  in 
charge  of  Mr.  T.  R.  Blyth.     The  palsBontological  work  of  the 
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year  is  as  follows : — Dr.  Noetling  has  finished  the  Miooene  fossils  of 
Burmah,  a  work  which  has  proved  that  an  intimate  conneotion  must 
have  existed  between  the  Eocene  fauna  of  Europe  and  the  Miocene 
of  Burmah,  a  connection  which  can  only  be  explained  by  the  theory 
of  a  migration  of  species  from  west  to  east,  which  commenced  with 
the  Eocene  period  and  lasted  probably  up  to  quite  recent  times. 
Dr.  Koetling  also  made  a  magnificent  collection  of  Permian  and 
Triassic  fossils  from  the  Salt  Bange  and  from  the  Tertiary  of  Sind. 
Dr.  Erafft  made  an  examination  of  the  Triassic  fossils  of  the 
Himalayas.  These  consist  for  the  greater  part  of  Oephalopods,  and 
include  representatives  of  the  whole  series  of  the  Trias.  The  chief 
stratigraphical  result  to  which  these  palseontological  researches  have 
led  is,  that  the  Otoceraa  beds  of  the  Himalayas  do  not,  as  was 
hitherto  believed,  correspond  to  the  beds  at  the  base  of  the  lower 
Oeratite  marls  and  the  lower  Ceratite  sandstones,  and  very  probably 
include  also  the  lower  Ceratite  limestone ;  while,  on  the  other  hand, 
the  upper  division  of  the  Lower  Trias  of  the  Himalayas  ('  subrobustua 
beds,  Diener)  does  not  correspond  to  the  whole  of  the  Ceratite 
sandstones,  but  merely  to  the  two  upper  divisions  of  the  same,  viz. 
the  Stachella  beds  and  the  Flemingites  fiemingarius  beds.  Large 
collections  were  made  by  La  Touche,  Smith,  and  Walker  from  the 
Enmaon  Himalayas,  and  a  quantity  of  Silurian  or  Devonian  fossils 
were  obtained  from  the  Shan  Hills,  Burmah,  by  La  Touche,  Middle- 
miss,  and  Dutta.  The  economics  consist  of  enquiries  into  the  gold 
of  Burmah  and  of  Southern  India,  and  for  this  purpose  Dr.  Hatch 
was  specially  appointed  for  one  year  on  March  31st,  1900.  Nothing 
important  as  regards  coal  was  done  last  year,  but  it  is  noted  that 
sufficient  coal  is  in  sight  for  the  requirements  of  the  Jodhpur- 
Bikanir  Bailway  for  a  space  of  15  years.  Mr.  Holland  has  suggested 
measures  to  prevent  the  occurrence  of  landslips  in  Darjeeling  in  the 
future,  and  a  good  deal  of  attention  has  been  given  to  the  important 
subject  of  irrigation.  Reports  of  the  progress  made  with  the  surveys 
of  Burmah,  the  Madras  Presidency,  Central  Provinces,  Punjab,  Hima- 
layas, Sind,  and  Baluchistan  are  included;  and  special  reports  on 
the  auriferous  reefs  of  Wainad,  by  Hayden ;  the  auriferous  tract  of 
Wuntho,  by  Stonier;  the  Eampur  Coalfield,  by  Reader;  Sohagpur 
Coalfield,  by  Reader;  Geology  of  the  Northern  Shan  States,  by 
La  Touche ;  Gteology  of  the  Mandalay-Eunlon  Ferry  Railway,  by 
Datta ;  Southern  Shan  States,  by  Middlemiss ;  Ganjam  District, 
by  Smith ;  Jeypore  Zemidari,  Vizagapatam,  by  Walker ;  Spiti,  by 
Hayden ;  Mesozoic  Rocks  of  Spiti,  by  Erafft ;  and  the  relationship 
between  the  Productus  Limestone  and  the  Ceratite  Formation  of  the 
Salt  Range,  by  Noetling,  complete  this  very  interesting  report. 

IX. — FoBMKB  Extension  of  Rrstio  Strata  ovbb  Arban.  (Trans- 
actions of  the  Edinburgh  Geological  Society,  vol.  viii,  pp.  1  and  2.) — 
Mr.  Gk>odchild  contributed  a  paper  dealing  with  the  hasmatite  which 
occurs  in  the  joints  of  the  basalt  on  the  summit  and  other  elevated 
parts  of  Arthur's  Seat,  and  gave  reasons  for  regarding  it  as  due  to 
some  cause  which,  in  other  parts  of  the  Lothians  and  Fife,  has 
locally  stained  the  Carboniferous  rocks  various  shades  of  Indian-red, 
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and  has  converted  the  limestones  into  dolomites.  Such  effects,  he 
explained,  could  elsewhere  he  traced  with  certainty  to  ferraginoos 
and  magnesian  infiltrations,  which  had  soaked  down  from  the  New 
Red  rocks  into  the  strata  upon  which  they  might  happen  to  lie.  He 
was  therefore  disposed  to  refer  the  hsdmatite  in  question  to  deposition 
from  such  a  source,  and  to  I'egard  the  summit  of  Arthur's  Seat  as 
the  modified  descendant  of  the  surface  over  which,  in  past  times,  the 
New  Red  rocks  had  extended. 

X. — Ancient  Volo anos  in  Arran. — On  the  Upland  het ween  Brodick 
and  Drumadoor  Bays,  in  the  island  of  Arran,  Messrs.  B.  N.  Peach 
and  W.  Grinn,  of  the  Greological  Survey,  have  discovered  the  site  and 
ruins  of  a  very  large  volcano,  covering  an  area  of  seven  or  eight 
square  miles.  It  is  represented  hy  an  accumulation  of  old  scoriso, 
broken  rocks,  and  intrusive  lavas,  such  as  are  usually  found  in 
similar  basal  wrecks  of  volcanos,  whether  of  Jurassic,  Cretaceous, 
or  Tertiary  age,  in  the  Hebrides  and  Western  Scotland.  In  this  case, 
however,  Mr.  E.  T.  Newton  has  detected  RhsBtic  fossils  in  some  of 
the  fragments  embedded  on  the  ruined  volcano,  and  constituting  the 
only  record  of  strata  once  extending  from  Mull  to  Antrim.  Thus 
they  supply  one  proof  of  the  enormous  denudation  which  has  taken 
place  on  the  west  coast  of  Scotland  during  the  later  part  of  the 
Tertiary  era. 

XI. — Qeoloot  of  India.  (Memoirs  of  the  (Geological  Survey  of 
India,  vol.  xxx,  pt.  2,  1900;  vol.  xxxiii,  pt  1,  1901.)— The  first 
of  these  memoirs  contains  Thomas  H.  Holland's  (Geology  of  the 
neighbourhood  of  Sidem,  Madras  Presidency,  with  special  reference 
to  Leschenault  de  la  Tour's  observations.  Leschenault  collected 
petrological  specimens  from  the  district  early  in  the  last  century 
(1816-1821),  and  it  seemed  desirable  to  obtain  information  con- 
cerning the  geological  relations  and  exact  localities  of  his  specimens. 
Lacroix  described  the  rocks,  which  are  preserved  in  Paris.  They 
may  be  divided  into  (1)  fundamental  biotite-gneisses,  (2)  schists, 
(3)  pyroxene-granulites  (chamockites),  (4)  younger  igneous  in- 
trusions. The  exact  localities  have  been  traced  and  the  specimens 
identified.  A  map  accompanies  the  paper.  The  second  memoir 
is  by  F.  H.  Hatch,  and  deals  with  the  Eolar  Goldfield,  with 
a  description  of  quartz  mining  and  gold  recovery  as  practised  in 
India.  The  field  bears  a  striking  resemblance  to  the  gold  districts 
of  Rhodesia.  It  consists  of  a  belt  of  schists  containing  quartz- veins, 
and  is  part  of  the  Transition  Rocks,  separated  by  Bruce-Foote  and 
given  the  name  of  '  Dharwar  System.'  There  is  an  appendix  on  the 
petrology  by  T.  H.  Holland. 

Xn. — Fossil  Foraminifera  op  Servia.  (Pavlovic,  P.  S.  "  Fora- 
miniferi  iz  drugho-mediteranskikh  slojeva  u  Srbiji  paleontologhka 
stndija."  Spomenika  (being  the  Trans.  Acad.  Sci.  Belgrade), 
vol.  XXXV,  1900,  pp.  61-91.) — Professor  Pavlovic  is  already  known 
to  us  by  a  previous  publication  on  the  above  subject,  which  appeared 
in  Ghlasa,  vol.  Ivi,  1898.  This  appears  to  be  a  report  on  the 
II  Mediterranean  beds,  so  far  as  relates  to  Servia,  and  will  be  of 
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value  for  oomparison  with  the  fauna  of  those  beds  in  Austria. 
Professor  Paylovio  has  carefully  consulted  previous  authors,  and 
thereby  avoided  the  wholesale  founding  of  new  names;  but 
unfortunately  he  does  not  figure  his  new  species,  and  we  are  not 
sufficiently  acquainted  with  his  language  to  rightly  comprehend  his 
descriptions.  We  hope  that  in  future  he  will  be  able  to  furnish 
a  German,  French,  or  English  translation  of  the  diagnosis  of  new 
forms,  as  otherwise  his  labours  will  be  a  closed  book  to  most.  The 
publications  of  the  Servian  Academy  contain  much  important  matter 
on  the  little-known  geology  and  zoology  of  the  country. 

Xni. — Geology  of  Egypt.  (Geological  Survey  Report,  1899, 
pt.  ii.  Survey  Department,  Public  Works  Ministry.  Cairo,  1900.* 
"  Eharga  Oasis  :  its  Topography  and  Gkology."  By  John  BalL 
116  pp.,  19  maps  and  plates.)  —  This  is  the  second  of  a  series  of 
reports  on  districts  in  Egypt,  the  first  of  which  has  not  yet  reached 
ns.  The  district  dealt  with  lies  between  the  parallels  of  26^  and  24^ 
north  latitude,  to  the  west  of  the  Nile.  The  geological  formations 
met  with  are  the  Cretaceous,  represented  by  Nubian  Sandstone  and 
clays,  JExogyra  Overwegi  series,  *  Ash-grey  Clays,'  White  Chalk  with 
Ananchytes  ovata;  Eocene,  represented  by  Esna  shales,  Lucina 
ihebaiea  and  Opereviina  lihyca  limestones,  Upper  Limestone ;  Pleisto- 
cene and  Becent,  calcareous  tufa  and  sand  dunes.  The  topography 
of  the  Oasis  is  described  in  chapters  under  the  general  headings  of 
"  The  Limiting  Escarpments,"  **  The  Hills  within  the  Oasis,"  "The 
Floor  of  the  Oasis,  with  its  Villages  and  Wells,"  "Antiquities." 
Some  twenty  pages  are  devoted  to  the  descriptive  geology;  the 
Cretaceous  beds  are  correlated  with  the  Senonian  (?)  and  the  Upper 
and  Lower  Danian ;  the  Eocene  beds  seem  to  belong  to  the  lowest 
fossiliferous  beds  of  the  system.  Mr.  Ball  gives  an  interesting 
observation  on  the  denuding  power  of  the  sand  in  windy  weather : 
a  piece  of  tin  plate  exposed  for  two  days  had  all  its  tin  coating 
removed,  and  a  bottle  was  rendered  quite  dull  in  the  same  time 
by  the  scratching.  Where  objects  are  protected  from  the  sand, 
as  at  Dush,  where  are  inscriptions  in  red  ochre  on  hard  white  chalk, 
painted  some  1,400  years  ago,  they  remain  in  perfectly  fresh  state ; 
rain  being  unknown,  and  frost  practically  so.  The  maps  and 
sections  appear  to  be  excellent,  and  the  whole  report  is  of  much 
value  to  the  geologist  and  Egyptologist.  We  trust  that  the  whole 
of  Egypt  will  t>e  described  in  a  like  manner. 

XIV. — Shoeteb  Geologioal  Notes.  —  Mb.  James  Mansergh 
delivered  an  interesting  Presidential  Address  to  the  Institution 
of  Civil  Engineers  on  November  6th,  1900.  His  subject  was 
Water  and  Water  Supply.  After  a  capital  sketch  of  the  works 
of  the  ancients  in  this  direction,  especially  those  of  the  Bomans, 
he  dealt  with  the  law  of  underground  water,  dowsing,  typical  city 
waterworks,  etc.  Mr.  Mansergh  approved  of  the  Duke  of  Bichmond's 
Commission  for  buying  out  the  London  Water  Companies,  which 
reported  in  1869,  and  also  considered  the  finding  of  Lord  LlandafiTs 
Commission  of  1899  a  workable  scheme. 

^  This  Report,  though  dated  1900,  was  not  issued  until  April,  1901. 
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Sib  John  Evams,  at  the  opening  meeting  of  the  147th  session  of 
the  Society  of  Arts,  November  21 »  1900,  road  an  address  on  <*The 
Origin,  Development,  and  Aims  of  our  Soientifio  Societies."  Among 
other  matters  of  interest,  he  mentioned  that  in  England  the  Society 
of  Antiqoaries  seems  to  be  the  oldest  body  which  met  for  definite 
purposes  of  enquiry.  About  the  year  1572  ''  divers  gentlemen  of 
London,  studious  in  antiquities,  formed  themselves  into  a  College 
or  Society  of  Antiquaries."  The  address  gave  an  excellent  general 
account  of  the  various  London  Societies. 

Db.  Gbboobt's  ''  Plan  of  the  Earth  and  its  Causes  "  is  appearing 
in  the  monthly  numbers  of  the  American  QeologisU  To  the  March 
number  of  this  journal  J.  B.  Hatcher  contributes  an  exceedingly  useful 
account  of  the  Lake  Systems  of  Southern  Patagonia,  with  a  map. 

Among  the  recent  publications  of  the  Boyal  Dublin  Society  (ScL 
Proc.,  ix)  will  be  found  two  papers  of  special  interest  to  geologists 
by  Professor  Joly.  One  is  on  the  inner  mechanism  of  sedimentation, 
and  deals  with  the  fact  that  the  presence  of  dissolved  salts 
accelerates  the  precipitation  of  finely  divided  matter,  such  as  clay, 
etc.,  suspended  in  water ;  the  other  concerns  the  theory  of  the  order 
of  formation  of  silicates  in  igneous  rocks. 

With  the  view  of  throwing  further  light  on  the  strength  and 
durability  of  slate  as  a  roofing  material,  Messrs.  Mellard  Beade 
and  Holland  have  compared  the  Phyllades  of  the  Ardennes  with  the 
slates  of  North  Wales  in  the  Proc.  Liverpool  Geol.  Soc.,  1899-1900. 
The  object  of  the  authors  has  been,  "amongst  other  things,  to 
discover,  if  possible,  upon  what  composition  or  causes  the  perfection 
of  slaty-cleavage  depends,  and  furthermore,  to  find  out  to  what 
qualities  and  composition  the  characteristics  and  enduring  properties 
of  roofing  slates  can  be  attributed." 

MM.  LoHEST  and  Fobib,  in  their  study  of  the  relative  age  of  the 
rocks  composing  the  Cambrian  massif  of  Stavelot,  have  arrived  at 
the  conclusion  that  the  massif  \%  formed  of  a  succession  of  sharp  and 
reversed  folds,  becoming  stronger  towards  the  north,  and  consisting 
of  Devil lian,  Revinian,  and  Salmian  deposits,  mainly  quartzites  and 
phyllades.  The  paper  appeared  in  the  Bull.  Sci.  Assoc.  Slaves  Ecoles 
Special  Li^ge,  1900. 

Captain  Hutton  read  before  the  Otago  Institute  a  general  but 
up-to-date  account  of  the  geology  of  New  Zealand.  The  PApor  was 
published  in  the  Trans.  New  Zealand  Inst,  for  1899.  There  are 
a  few  footnotes  of  critical  value. 

Mbs.  Gobdon's  paper  on  ''The  Crust-Basins  of  Southern  Europe" 
has  appeared  in  English  in  the  Verb.  Vll  Internat.  Geogr.-Kongress. 
Berlin,  1899  (1900).  In  general  terms  Mrs.  Gordon  states  that 
''  Cross  movements  in  the  Earth's  crust  have  as  resultants  a  spiral 
movement  in  one  sense,  accompanied  in  a  neighbouring  region  by 
a  spiral  movement  in  the  opposite  sense."  The  paper  must  be  read 
to  be  understood ;  an  abstract  would  be  of  little  use  to  the  student 

Db.  Hemby  M.  Ami  has  published  in  the  Canadian  Beeord  of 
Science,  vol.  viii,  under  the  title  of  "  Progress  of  Geological  Work  in 
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Canada  daring  1899/'  a  list  of  papers,  arranged  alpbabetioally  under 
aaihorB,  published  in  1899. 

The  Bulletin  of  the  Natural  History  Society  of  New  Brunswick, 
No.  19,  1901,  contains  papers  on  Cambrian  Fossils  from  Cape 
Breton,  by  Q.  F.  Matthew ;  on  a  new  genus  (Acroihyra)  of  Etche- 
minian  Braobiopods,  from  the  Eo-Palsdozoic  of  Cape  Breton,  by  the 
same — it  is  near  Aerotreta ;  and  on  the  physiographic  origin  of  our 
Portage  Boutes,  being  a  note  on  the  physiography  of  New  Bruns- 
wick, by  W.  F.  Ghmong. 

Snt  Abohibald  Qbikik  has  recently  issued  a  third  edition  of  his 
well-known  work  on  "  Scenery  in  Scotland,"  viewed  in  connection 
with  its  Physical  Geology. 

AoooBDiNo  to  the  Annual  Beport  of  the  Yorkshire  Philosophical 
Society,  the  York  Museum  has  acquired  a  collection  of  rocks  and 
minerals  which  belonged  to  the  late  Professor  Piazzi  Smyth.  No 
new  fossils  were  purchased  during  1900. 

Fbom  the  Beport  of  the  Bugby  School  Natural  History  Society,  we 
learn  that  Mr.  Beeby  Thompson  has  assisted  in  the  arrangement  of 
the  collection  of  local  fossils,  and  has  presented  a  series  found  during 
the  cutting  of  the  Oreat  Central  Bailway  in  that  neighbourhood. 

Thb  geology  of  the  Isthmus  of  Panama  forms  the  subject  of  a  paper 
by  0.  H.  Hershey  in  the  Bull.  Dept.  GeoL  Univ.  California,  vol.  ii, 
No.  8,  1901.  The  author  inclines  to  the  belief  that  the  earliest 
stratified  rocks  areof  Jurassic  age ;  the  next,  the  Montijo  conglomerate, 
seems  to  be  of  early  Cretaceous  age;  while  between  this  and  the 
Tertiary  basal  conglomerate  come  the  Santiago  sandstone  and  shale. 
The  fossils  apparently  are  too  poor  to  allow  of  exact  determination 
at  present  The  Tertiaries  and  the  Pleistocene  seem  well  developed, 
and  there  has  been  a  recent  depression  of  the  coastal  land,  especially 
on  the  Pacific  side.  A  curious  fact  mentioned  by  the  author  is 
that  about  a  third  of  the  paving  blocks  in  the  town  of  Santiago, 
whose  population  is  about  6,000,  are  silioified  wood  of  pre-Pleistocene 
age.  TMs  paper  is  really  a  supplement  to  that  published  by 
B.  T.  Hill,  in  1895,  in  Bull.  Mus.  Comp.  Zool.  Harvard,  vol.  xxviii. 

The  Beport  of  the  Bristol  Museum  for  1890  notes  the  acquisition 
of  a  large  number  of  fossils  from  the  Oreat  Oolite  of  Minchinhampton, 
and  a  cast  of  the  Archaopteryx, 

Mb.  B.  a.  Buddigom  reprints  from  the  Border  Counties  Advertixer 
for  last  December,  a  short  article  which  states  that  the  collections 
at  the  Shrewsbury  Museum  have  been  entirely  remounted  and 
rearranged  by  himself  and  Dr.  Callaway.  We  are  glad  to  hear  it, 
and  hope  that  Owen's  type-specimen  of  Ehynehosaurus  is  now  better 
cared  for  than  it  was  a  few  years  ago. 

In  the  Proc.  Cotteswold  Nat.  Field  Club,  vol.  xiii,  pt  3,  S.  S. 
Buckman  reports  the  excursions  for  1899  from  the  point  of  view 
of  the  features  of  rivers  and  their  valleys ;  in  part  4  (1901)  the 
same  author  writes  on  Homoeomorphy  among  Jurassic  Brachiopoda, 
a  paper  we  hope  to  notice  in  due  course. 

DBOADB  IV.^VOL.  Vin.^KO.  VI.  18 
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I. — GATALOaUB    OF   THE    MkSOZOIO   PlAMTS  IN   THE  DsPABTmDNT  OV 

QEOLoaY,  British  Museum  (Natubal  History).  The  Jubassio 
Floba  :  I.  The  Yobkshibe  Coast.  By  A.  0.  Sewabd,  M.A., 
F.B.S.,  F.O.S.    With  21  plates,  and  53  figures  in  the  text 

MB.  SEWABD'S  Catalogue  of  the  Fossil  Plants  of  the  Weddeii, 
published  for  the  Trustees  of  the  British  Museum  in  1894  and 
1895,  is  already  well  known  to  palsaontologists,  who  will  welcome  the 

S resent  further  instalment  of  his  valuable  investigation  of  the  British 
[esozoio  Flora.  The  Inferior  Oolite  of  the  Yorkshire  coast  district 
from  Filey  to  the  north  of  Whitby  is  peculiarly  rich  in  vegetable 
remains,  which  have  been  well  known  since  the  days  of  William 
Bean  and  the  elder  Williamson.  Indeed,  Mr.  Seward  tells  us  that 
nearly  the  whole  of  the  material  at  present  available  was  obtained 
by  these  early  investigators,  and  that  very  little  serious  collecting 
has  been  undertaken  during  the  last  half-century.  Consequently, 
the  author's  work  has  consisted  in  the  revision  of  material  already 
rendered  classical  by  the  investigations  of  a  series  of  palseontologists, 
chief  among  whom  was  Adolphe  Brongniart,  to  whom  a  number  of 
the  specimens  were  submitted  in  the  early  days  of  his  long  scientific 
career.  Owing  to  the  energy  of  the  Yorkshire  naturalists  during  the 
first  half  of  the  past  century,  specimens  are  abundant,  and  to  be 
found  in  nearly  every  museum  in  this  country  as  well  as  in  several 
of  the  Continental  collections.  Under  these  circumstances  many 
novelties  are  not  to  be  expected,  and,  as  a  matter  of  fact,  only  two 
out  of  the  fifty-five  species  described  are  new.  The  value  of  the 
Catalogue  consists  in  accurate  discrimination  and  judicious  estimation 
of  affinities,  and  in  its  affording  a  connected  view  of  the  whole  flora» 
so  far  as  at  present  known.    Such  a  revision  was  urgently  needed. 

The  fine  illustrations  form  a  striking  feature  of  the  volume.  The 
21  plates  have  been  beautifully  drawn  by  Miss  G.  M.  Woodward, 
while  some  of  the  numerous  figures  in  the  text  are  the  work  of 
Mrs.  Seward.  The  figures  afford  ample  proof  of  the  fine  preservation 
of  many  of  the  specimens.  The  only  matter  for  regret  is  that  none 
have  been  found  in  a  petrified  condition,  so  that  the  study  of  internal 
structure  has  been  impossible.  Hence,  many  questions  of  affinity 
have  had  to  be  left  open  which  might  have  been  cleared  up  if 
anatomical  evidence  had  been  available.  In  certain  other  localities 
the  student  of  Mesozoic  Botany  is  more  fortunate  in  this  respect, 
and  indirect  evidence  derived  from  such  petrified  specimens  has 
proved  all-important,  especially  in  the  interpretation  of  the  Cycadean 
remains. 

After  a  short  historical  sketch,  and  a  rapid  survey  of  plant-bearing 
deposits  of  similar  horizon  in  other  parts  of  the  world,  the  author 
proceeds  to  the  systematic  description  of  the  fossils.  No  Algss 
remains  worth  consideration  have  been  discovered,  and  the  record 
begins  with  the  Hepaticce,  to  which  one  thalloid  species — Marchantitea 
srectuB — is  referred.    The  great  mass  of  the  specimens,  however,  is 
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diyided  between  the  Pteridophytes  and  the  Gymnosperms,  Angio- 
sperms  being  so  far  entirely  unrepresented,  as  is  still  the  ease  even 
in  the  more  recent  Wealden  beds. 

Under  the  EquisetacesB  two  species  of  SquUeUteB  are  described, 
plants  wonderfully  similar  in  aspect  to  the  recent  Horsetails,  but 
often  of  enormous  dimensions,  K  Beani  attaining  a  circumference 
of  30-40  cm.  (not  millimetres  as  erroneously  printed  on  p.  64). 
The  author  finds  reason  to  belieye  that  these  large  stems,  like  their 
still  larger  PalsBozoic  allies,  probably  grew  in  thickness  by  the 
development  of  secondary  vascular  tissue. 

One  species — Lycopodites  falcatus — is  referred  to  the  Olub-Mosses, 
and  regarded  as  more  nearly  allied  to  the  genus  Selaginella  than  to 
Zyeopodium.  The  apparently  heterophyllous  character,  on  which  this 
conclusion  is  based,  is  not,  however,  a  decisive  argument,  hetero- 
phyllous species  also  occurring  in  the  genus  LycopodHum, 

The  Ferns  are,  of  course,  abundantly  represented  ;  the  authmr 
describes  twenty  species,  and  less  cautious  taxonomists  would  add 
largely  to  their  number.  The  MatonineiB,  a  family  of  which  the 
author  has  treated  at  length  elsewhere,  are  illustrated  by  some 
splendid  specimens  of  MaUmidium  and  Laeeopteria.  The  evidence 
appears  fully  to  justify  the  author  in  his  opinion  that  this  group, 
now  so  restricted,  played  an  important  part  in  the  earlier  Mesoasoio 
vegetation. 

Todites  WiUiamsoni  is  referred  on  good  grounds  to  the  OsmundaceiB, 
while  species  of  the  genus  Coniopteris  approach  wonderfully  closely, 
in  the  characters  both  of  the  sterile  and  fertile  pinn»,  to  ti^e  recent 
Oyatheaceous  genus  Thyrsopteria,  of  which  a  single  species  survives 
in  the  island  of  Juan  Fernandez. 

The  genus  Dietyophyllum  is  placed,  with  FroU>rkipi8,  in  the 
Dipteridinsd,  which  the  author  regards  as  distinct  from  the  typical 
Polypodiacesd,  while  Kluhia  and  Buffordia  represent  the  SchizsBacesa. 
The  presence  of  true  Polypodiaoeso  is  more  doubtful,  though  several 
genera,  including  Sagenopteris,  often  regarded  as  a  Marsiliaceous 
plant,  are  provisionally  referred  to  this  family. 

Among  the  numerous  remains  showing  Oycadean  affinities,  two 
genera,  WiUiamBonia  and  AnomozamiteB,  are  placed  in  the  family 
BennettitesB,  a  remarkable  group,  with  flowers  far  more  complex 
ihan  those  of  the  true  Oyc^s,  the  characters  of  which  have  been 
revealed  to  us  by  the  investigations  of  Carruthers,  Solms-Laubach, 
Lignier,  and  others,  on  petrified  specimens.  Mr.  Seward  showed,  in 
his  Wealden  Oatalogue,  how  dose  is  the  affinity  between  WiUiamsonia 
and  BennetHtes,  and,  indeed,  treated  the  former  as  a  subgenus  of 
the  latter ;  in  the  present  volume,  however,  the  generic  rank  of 
WiUiamsonia  is  again  recognized.  Mr.  Seward  has  also  previously 
shown  that  the  leaves  of  the  old  '  Zamia  gigas '  really  belonged  to 
the  same  plant  as  the  WiJliamsonia  flowers,  and  has  thus  completely 
confirmed  Williamson's  original  restoration  of  the  plant 

The  genus  Anamozamiteat  characterized  by  the  almost  entire  or 
imperfectly  segmented  leaves,  is  referred  to  Bennettiteaa  on  tlio 
evidence  of  specimens  described  by  Nathorst  from  the  Rh»tic  of 
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Sweden,  in  which  the  oharaoteristio  foliage  is  borne  on  the  same 
stem  with  WtUiamBonia-WkA  fractifioations.  The  habit,  however, 
as  shown  in  Nathorst's  restoration,  with  a  slender,  repeatedly  forked 
stem,  is  totally  different  from  anything  known  among  the  Bennettite® 
or  oUier  Gycadales. 

The  genus  OteniB  is  one  of  those  which  has  oscillated,  in  palsao- 
botanictd  works,  between  the  Ferns  and  the  Oyoads.  The  author 
has  succeeded  in  observing  the  microscopic  structure  of  the  epidermis, 
and  has  proved  that  the  supposed  sori,  held  to  indicate  Filicinean 
affinities,  are  not  really  of  a  reproductive  nature,  but  represent  mere 
elevations  of  the  epidermal  cell-walls. 

The  account  of  the  Ginkgoales,  now  solely  represented  by  the 
Maidenhair-tree,  itself  almost  extinct  in  a  wild  state,  is  particularly 
interesting.  The  evidence  for  the  great  antiquity  of  this  group, 
once  more  critically  examined  by  the  author,  appears  to  be  quite 
conclusive.  The  remarkable  seed-bearing  fructification,  named 
Btama  gradliB  by  Oarruthers,  and  usually  regarded  as  a  Oycadean 
strobilus,  is  considered  by  Mr.  Seward  to  belong  more  probably  to 
the  Ginkgoaceaa.  In  the  course  of  his  argument  on  this  question,  the 
author  makes  the  striking  statement  that ''  we  have  no  satisfactoiy 
instance  of  a  female  Cycadean  flower  of  Mesozoic  age  which  can  be 
reasonably  connected  with  a  plant  bearing  Cycadean  foliage"  (p.  274). 
In  other  words  he  considers  that  all  the  evidence  indicates  the 
BennettitesB,  and  not  the  true  Cycadacese,  as  the  family  to  which 
Mesozoic  Oycadales  belonged,  while  other  authorities  have  always 
admitted  the  co-existence  of  the  two  groups  in  Mesozoic  ages. 

Several  Coniferse  are  described,  the  most  striking,  perhaps,  being 
Pagiophyllum  WilliawMoni,  with  fairly  well  preserved  cones  in  athL 
With  the  exception  of  some  Araucarian  oone-scales,  none  of  the 
Ooniferous  remains  can  be  referred  with  any  certainty  to  a  special 
family. 

In  his  concluding  remarks  the  author  lays  stress  on  the  close 
agreement  between  the  European  Jurassic  flora  and  the  Gondwana 
flora  of  India  and  Australia.  ''  In  Jurassic  times  there  was  no 
doubt  a  much  greater  uniformity  in  the  vegetation  of  the  world 
than  exists  at  the  present  day  "  (p.  306).  Attention  is  also  called 
to  the  great  similarity  between  the  Lower  Oolitic  and  the  much  later 
Wealden  flora,  a  similarity  which  in  a  few  cases  even  appears  to 
amount  to  specific  identity. 

Mr.  Seward's  new  volume  will  be  recognized  as  one  of  the  most 
sound  and  valuable  contributions  to  Paladobotanioal  Taxonomy. 

D.  H.  S. 


n. — JuBASSio  Fauna  op  Cutoh:  The  Braohiopoda.  By  F.  L. 
KiTOHiN,  MA.,  Ph.D.  ^Memoirs  of  the  Geological  Survey  of 
India,  1900,  ser.  ix,  vol.  iii,  pt.  1,  pis.  i-xv,  pp.  1-87.) 

THIS  is  a  painstaking  and  very  critical  work,  which  deserves 
every  commendation.      The    author   has    fully  realized    the 
responsibility  of  the  task,  and  he  strikes  the  right  note  in  hia 
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mtrodaoHon  (p.  4).  He  says  in  regard  to  cases  of  resemblance  to 
European  forms :  '*  It  has  been  considered  more  expedient  to  apply 
a  new  '  specific '  name  than  to  ascribe  the  doabtfnl  form  as  a  '  variety ' 
Co  the  respective  European  *  species.'  This  has  been  done  in  tibe 
belief  that  the  application  of  the  term  '  variety '  is  not  admissible  in 
cases  where  the  direct  relationship  to  the  '  species '  either  cannot  be 
definitely  proved  or  at  least  does  not  appear  very  highly  probable, 
for  it  surely  commits  us  to  the  opinion  that  such  relationship  exists, 
whereas  the  use  of  a  <  specific'  name,  while  fulfilling  the  requirements 
of  convenience,  leaves  the  question  of  relationship  open." 

This  is  evidently  the  correct  course.  For  it  must  be  confessed 
that  among  our  English  Jurassic  Brachiopoda,  as  well  as  among 
other  fossUs,  too  few  names  have  been  far  more  hindrance  to  our 
knowledge  than  too  many.  Especially  regrettable  has  been  the 
placing  by  study  geologists  as  '  varieties '  of  well-known  *  species ' 
forms  which  lived  long  before  those  species,  a  course  taken  against 
the  express  wishes  of  the  field  geologists,  but  taken  to  satisfy  the 
lumping  tendency  so  prevalent  in  the  middle  of  last  century. 
Anyone  can  lump,  but  to  lump  correctly  is  the  difficulty — ^that  is 
a  paraphrase  of  the  words  of  a  German  palaaontologist  And  now 
it  may  be  said  in  dealing  with  similar  forms — where  there  is  any 
marked  difference  of  horizon  or  locality  what  has  to  be  proved  is 
the  combination,  not  the  separation,  llie  former  is  the  rash  course, 
and  it  must  be  justified  by  very  clear  evidence ;  the  latter  is  the 
course  which  experience  has  so  frequently  proved  to  be  correct, 
and  therefore  its  adoption  is  justified  by  ansJogy. 

It  is  the  latter  course  that  Dr.  Eitchin  has  rightly  followed.  He 
has  found  among  these  Jurassic  Brachiopods  of  Cutch  many  forms 
with  striking  resemblances  to  European  species;  but  the  chrono- 
logical difference  is  great,  and  so  is  the  difference  of  locality. 
Bemarking  on  the  fauna  as  a  whole  the  author  says,  "  it  would  thus 
appear  that  the  Middle  Jurassic  Brachiopoda  are  less  adapted  to  serve 
as  indices  to  the  detailed  stratigraphioal  comparison  of  remotely 
separated  areas  than  the  Cephalopoda"  (p.  79).  This  is,  of  course, 
what  would  be  expected,  though  remoteness  is  not  always  a  necessary 
factor.  There  is  the  remarkable  case  in  our  English  Jurassic 
Brachiopoda  fauna,  the  notable  discrepancy  for  a  portion  of  Inferior 
Oolite  time  of  the  Cotteswold  species  from  those  of  Somerset-Dorset, 
and  even  from  those  of  Dundry,  only  a  few  miles  away ;  whereas 
both  before  and  after  this  time  the  same  species  of  Brachiopoda  are 
found  in  all  these  districts,  and  even  from  Gloucestershire  to 
Wiirtemberg  the  Brachiopods  are  good  indices  for  detailed  strati- 
graphical  comparison. 

The  resemblance,  which  the  author  notices,  of  later  Cutch  species 
to  European  forms  earlier  in  date  need  not  destroy  the  value  of  the 
Brachiopods  for  stratigraphioal  work,  though  it  may  make  direct 
comparison  difficult.  But  the  same  thing  is  known  in  Europe. 
Many  examples  might  be  cited,  but  sufficient  will  be  ZetUeria 
Maria  of  the  Middle  Lias,  ZetUeria  JmUata  of  the  Fuller's  Earth, 
ZeiUeria  perohavaia  of  the  Gombrash ;  or  Tenhrattda  suhmaxillaia 
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of  the  Inferior  Oolite  and  T.  maxiUata  of  the  Great  Oolite.  Such 
oases,  though  unsatisfaotoiy  from  the  stratigraphioal  standpoint,  are 
of  great  biologioal  interest ;  they  indicate  the  independent  develop- 
ment of  similar  forms  at  suooessiye  dates.  So  the  similarity  which 
the  author  has  noticed  in  the  Indian  species  to  earlier  European 
forms  probably  illustrates  the  same  law. 

This,  however,  suggests  a  query.  The  author  remarks  that  his 
Terehratula  euryptyeha  persists  throughout  the  series  of  strata  he 
describes.  But  has  he  not  put  into  one  '  species '  too  many  varied 
forms  ?  Are  not  these  forms  independent  uniplicate  developments — 
the  intermediates  between  non-plicate  and  biplicate  forms  ?  Such  is 
the  case  with  the  European  fauna ;  non-plicate,  uniplicate,  biplicate 
mark  three  stages  in  serial  development,  and  such  development  is 
repeated  at  different  dates. 

In  drawing  to  a  close  this  notice  of  a  most  interesting  work  it  is 
advisable  to  call  the  author's  attention  to  one  unfortunate  oversight : 
the  references  in  the  explanations  of  the  plates  do  not  correspond 
with  the  pages  of  the  text  S.  S.  B. 


GlOLOOfOAL  SOOIBTT  OF  LONDON. 

L — ^A  special  general  meeting  was  held  on  Wednesday,  March  27, 
1901,  at  8  p.m.,  the  President  in  the  chair,  on  the  requisition  of  the 
following  five  or  more  Fellows,  namely:  The  Bev.  J.  F.  Blake, 
Dr.  Henry  Woodward,  Dr.  A.  Smith  Woodward,  Sir  Henry  H. 
Howorth,  Dr.  F.  A.  Bather,  Mr.  R.  Bullen  Newton,  Mr.  H.  A. 
Allen,  Mr.  C.  Davies  Sberbom,  Dr.  F.  L.  Eitchin,  Mr.  Upfield 
Green,  and  Mr.  G.  E.  Dibley ;  for  the  purpose  of  considering  the 
following  matters  : — 

1.  The  present  state  of  the  SooietT's  Mugeum. 

2.  The  steps  necessary  to  be  taken  for  putting  the  collections  therein  contained 
into  a  satisfactory  condition,  if  retained  in  the  Mnseom ;  or  otherwise  the  desirability 
and  conditions  ot  their  disposal  elsewhere,  as  may  be  decided  on. 

3.  The  arrangements  necessary  to  be  made,  in  order  to  keep  the  collections  con- 
stantly in  a  satisfactory  condition,  if  their  retention  is  decided  on. 

4.  The  amount  necessary  to  be  expended  (a)  in  the  first  instance,  and  (b)  annually, 
to  carry  out  the  decisions  of  the  Meeting.  Also  to  authorize  the  Council  to  incur 
tins  expenditure ;  and  finally,  to  make  such  order  concerning  the  estates  or  rerenues 
of  the  Society  as  to  the  Fellows  assembled  in  such  Qenenl  Meeting  shall  appear 
useful  for  the  purpose  of  carrying  out  their  decisions. 

The  Bev.  J.  F.  Blake  proposed  and  Mr.  B.  Bullen  Newton 
seconded  the  following  resolutions : — 

1.  That  the  general  collection  in  the  Society's  Museum  be  limited  to  such  specimens 

as  have  been  or  may  hereafter  be  definitely  referred  to,  by  name,  description, 
or  figure,  in  the  (Society's  publications,  or  in  such  other  works  as  may  be 
agreed  upon  by  the  Council. 

2.  That  the  specimens  retained  be  thoron|g;hly  cleaned,  provided  with  fresh  labels 

additional  to  the  old  ones,  placed  in  orawers  or  ooxes  designed  to  exclude 
dust,  and  arranged  with  reference  to  the  papers  or  works  wherein  they  are 
referred  to,  and  that  a  catalogue  of  such  retained  specimens  be  printed. 
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8.  That  the  remaming  specimens  be  disposed  of  in  such  a  way  as  the  Counoil  may 

direct. 
4.  That  the  Council  be  authorized  to  expend,  either  out  of  capital  or  income,  so 

much  as  may  be  necessary  to  carry  these  resolutions  into  effect. 

The  following  amendment  was  moved  by  Sir  Henry  Howorth, 
F.RS.,  and  seconded  by  Professor  W.  Boyd  Dawkins,  P.B.8.  :— 

That  in  the  opinion  of  this  Meeting  the  time  has  now  come  when  this  Society 
shall  transfer  its  collections  to  some  other  museum. 

The  amendment  was  pat,  and  there  voted  for  it  22,  against  19. 

The  amendment  was  therefore  carried,  and  on  being  again  put 
as  a  substantive  resolation  there  voted  for  it  26,  against  19. 

The  amendment  was  therefore  declared  carried  as  the  resolution 
of  the  meeting. 


n.— April  3rd,  1901.— Horace  W.  Monckton,  Esq.,  F.L.S., 
Vice-President,  in  the  Chair. 

The  following  communication  was  read  : — 

"The  Igoeous  Rocks  and  Associated  Sedimentary  Beds  of  the 
Tortworth  iDlier."  By  Professor  Conwy  Lloyd  Morgan,  F.R.S., 
F.a.S.,  and  Sidney  Hugh  Reynolds,  Esq.,  M.A.,  F.G.S. 

It  has  long  been  known  that  igneous  rocks  occur  in  the  district 
under  consideration,  but  opinions  are  divided  as  to  their  intrusive 
or  contemporaneous  character.  Evidence  is  here  brought  forward 
to  show  that  the  igneous  rocks  form  two  bands,  the  lower  inter- 
bedded  with  Upper  Llandovery  strata  and  the  upper  overlain  by 
Wenlock,  and  that  both  bands  are  probably  contemporaneous  lavas. 

The  igneous  rocks  appear  at  two  horizons,  both  in  the  Charfield 
Oreen  district  and  also  in  the  district  which  includes  Avening 
Green,  Damery,  Micklewood,  Daniel's  Wood,  etc  At  Charfield 
their  general  run  is  north-north-west  and  south-south-east,  and  the 
upper  band  is  associated  with  a  bed  of  calcareous  ash.  The  ash 
contains  lapilli,  felspar-crystals,  quartz-grains,  small  shaly  patches, 
and  fossils,  cemented  by  calcareous  matter.  The  fossils,  determined 
hy  Mr.  Cowper  Reed,  probably  indicate  the  Wenlock  age  of  the  rock. 
'The  associated  trap  would  thus  seem  to  be  interbedded — a  con- 
clusion strengthened  by  its  uneven  surface  and  highly  amygdaloidal 
character. 

At  Daniel's  Wood  the  higher  bed  of  trap  is  overlain  by  limestones 
which  contain  Wenlock  fossils,  and  underlain  by  rocks  with  Upper 
Llandovery  fossils.  The  dip  of  the  rocks  appears  to  indicate  the 
existence  of  an  anticline.  The  rocks  underlying  the  trap-band  of 
Damery  Quarry  are  not  seen,  but  above  the  trap  are  rocks  bearing 
Upper  Llandovery  fossils.  This  trap  occupies  a  large  area  near 
Woodford  Farm.  The  same  band  of  trap  at  Middle  Hill  underlies 
an  ash-bed  in  which  fossils  of  Upper  Llandovery  age  have  been 
found.  The  rocks,  as  a  whole,  follow  the  north-eastern  and  northern 
boundaries  of  the  Bristol  Coalfield. 
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The  miorosoopio  examination  of  the  lower  igneous  rock  show* 
that  it  is  a  basaltic  andesite  containing  plagioolase  (acid  andesine  or 
oligoclase),  psendomorphs  after  enstatite,  with  chloritic  and  iron- 
oxide  patches.  The  higher  bed  sometimeB  contains  fresh  aogite,  and 
both  bieuids  frequently  contain  ronnded  grains  of  qnartZk  In  other 
examples  the  felspars  appear  in  three  forms,  with  augite  and 
enstatite,  and  the  rock  ranges  from  an  andesite  to  a  porphyritic 
basalt.  The  quartz-grains  present  appear  to  be  xenoliths.  The 
silica-percentage  of  &e  rocks  on  a  moisture-free  basis  varies  from 
61  to  67,  while  the  specific  gravities  are  from  2*74  to  2*99. 


III.  — April  24th,  1901.  — J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.B.a, 
President,  in  the  Chair. 

The  Seobbtaby  read  the  following  letter,  which  had  been  received 
from  H.M.  Secretary  of  State  for  the  Home  Department  :— 

Rome  Offie$,  JThitehaU,  Zrd  April,  1901. 

SiK,— 

I  am  commanded^by  the  KioR  to  convey  to  you  hereby  His  Majesty's 
thanks  for  the  Loyal  and  Dutiful  Address  of  the  President,  Coundl,  and  Fellows  of 
the  Geological  Society  of  London  expressing  sympathy  on  the  occasion  of  the 
lamented  death  of  Her  late  Majesty  Queen  Victona,  and  congratulation  on  His 
Majesty's  Accession  to  the  Throne. 

I  am.  Sir, 
J.  J.  H.  Tball,  Esq.,  Your  obedient  Servant, 

Geological  Society  of  London,  Chas.  T.  Ritohib. 

BurUngton  Home,  W. 

The  Pbbsidbnt  drew  attention  to  a  framed  and  glazed  copy  of  the 
Table  of  the  British  Strata  by  Dr.  Henry  Woodward,  F.R.S.,  F.Q.S., 
and  Horace  £.  Woodward,  Esq.,  F.R.S.,  F.G.S.,  which  the  authors 
had  kindly  presented  to  the  Society. 

In  exhibiting  a  specimen  of  Crioeeraa  oectiltua  from  the  Snettisham 
Clay  of  Heacham,  near  Hunstanton,  Professor  H.  G.  Seeley  said  that 
he  had  no  donbt  that  the  Trigonia  hunstanUmenstB  and  Criocer<i$ 
oeeuituB,  originally  described  as  from  the  Hunstanton  Limestone, 
were  from  the  clay  at  Heacham.  The  example  of  Orioeeras  now 
shown  was  found  by  Mr.  F.  Deighton,  of  Cambridge.  It  diflfers  only 
as  a  variety  from  the  type  figured  in  1865. 

The  following  communications  were  read : — 

I.  ''Notes  on  two  Well-Sections."  By  the  Bev.  B.  Ashington 
BuUen,  B.A.,  F.L.S.,  F.G.S. 

The  well-section  at  Southwark  passes  through  sand  and  gravel, 
etc.,  34  feet,  London  Clay  75  feet,  Woolwich  and  Beading  Beds 
56  ft  9  ins.,  and  Thanet  Sand  36  ft.  6  ins.,  into  Chalk  which  was 
bored  to  a  depth  of  148  feet 

The  well-section  at  Dallinghoo  Post-Office,  near  Wickham  Market 
(Suffolk),  penetrated  53  feet  of  blue  Chalky  Boulder-day,  into 
20  feet  of  sand  and  gravel,  water  being  found  at  a  deptii  of  79  feet. 
Liassic  and  Oxford  Clay  fossils  were  found  in  the  Boulder-day  and 
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atones,  one  of  which  is  oonsidered  by  Professor  T.  Enpert  Jones 
to  have  probably  oome  from  the  Carboniferons  rocks  and  one  from 
the  Bmiter.  The  Sands  contain  no  Orag  fossils.  Mr.  F.  Chapman, 
A.L.S.,  determined  fossils  from  some  of  the  boulders,  from  fragments 
^f  stone  found  in  the  Sands,  and  from  the  Sands  themselves.  The 
last  consist  of  Cretaceous  Foraminifera. 

2.  '*  On  the  Geological  and  Physical  Development  of  Antigua.'' 
By  Professor  J.  W.  Spencer,  Ph.D.,  M.A.,  F.G.S. 

Antigua  and  Barbuda  rise  from  the  bank  which  occupies  the 
north-eastern  portion  of  the  chain  of  the  Lesser  Antilles.  The  part 
-of  the  bank  on  which  these  two  islands  are  founded  is  submerged  to 
the  very  uniform  depth  of  about  100  feet,  but  from  other  island- 
groups  it  is  separated  by  depressions  of  1,800  to  2,500  feet  The 
margins  of  the  bank  are  abrupt  and  precipitous,  and  are  indented 
by  deep  valleys  extending  to  the  more  profound  depressions.  The 
igneous  basement-rocks  of  the  island  form  the  south-western 
mSntnafff^belt  They  are  porphyritic  andesites  or  porphyrites,  with 
breccias  and  ashes  which  dip  north-eastward.  Associated  with 
these  rocks,  and  probably  ov(^Mng  them,  are  limestones'which  have 
i^Qljt§Lxi^od  fqg^ils.  The^doBd  and  me3ianl]iQtt  of  the  island 
consists  of  stratified  tuflEs,  which  included  marine  and  fresh-water 
cherts.  From  the  evidence  of  fossils  these  rocks  may  be  Upper 
Eocene  or  Lower  Miocene,  and  they  manifestly  are  closely  related 
to  the  rocks  which  follow  them.    The  succeeding  formation  consists  of 

>  earthy  marls  associated  with  beds  of  white  limestone,  and  is  apparently 
conformable  to  the  underlying  tuffs.  A  list  of  fossils  is  given,  from 
which  it  is  concluded  that  the  beds  are  of  Upper  Oligocene  age. 
Next  follows  a  creamy -white,  calcareous  sandstone,  and  then  the 
Friar's  Hill  Series  of  conglomerates  and  marls,  resting  unconformably  y 
on  the  white  limestones,  and  considered  to  be  of  late  Pliocene  or 
early  Pleistocene  age.  These  are  succeeded  by  the  Cassada  Garden 
Oravels,  recent  marls  containing  land-shells  some  of  which  are 
extinct,  and  coral  reefs,  none  of  which  are  raised. 

An  account  of  the  erosion  features  of  the  region  is  given,  and 
from  this  the  following  conclusions  are  drawn: — The  region  was 
an  extensive  land-surface,  probably  at  least  2,000  feet  higher  than  [^ 
now,  during  the  Mio-Pliocene  period,  and  was  reduced  by  denudation 
to  a  comparatively  low  elevation  before  the  close  of  that  time.  This 
was  followed  by  a  submergence  (the  Friar's  Hill)  to  a  depth  of 

I  200  feet  below  the  present  altitude.  At  the  close  of  the  Pliocene 
period  there  was  another  elevation  to  an  extent  probably  exceeding 
3,000  feet,  as  shown  by  the  channels  on  the  submarine  plateau 
between  Antigua  and  Guadeloupe.  This  did  not  continue  sufficiently 
long  to  complete  the  dissection  of  the  tablelands,  an4  consequently 
the  Antigua-Barbuda  mass  remains  intact.  Then  followed  a  sub- 
sidence culminating  in  a  75-foot  submergence,  a  re-elevation  to 
100  feet  above  the  present  level,  when  the  shallow  channels  in  the 
submarine  bank  were  formed,  and  possibly  one  or  two  other  small 
movements. 


Digitized  by  VjOOQ IC 


282      BeporU  and  Proceedings — Oeohgical  Society  of  London. 

3.  ''On  the  Qeologioal  and  PhyBioal  Development  of  Quadeloupe.'^ 
By  Professor  J.  W.  Spencer,  Ph.D.,  M.A.,  F.G.S. 

The  Qaadeloupe  group  is  separated  from  the  Antigua  and 
Dominioa  groups  by  depressions  2,000  feet  deep.  Much  of  Guade- 
loupe itself  consists  of  eruptive  rocks,  evidently  as  old  as  the 
igneous  base  of  Antigua.  The  lowest  beds  of  Grande  Terre  are^ 
yellow  tufa,  surmounted  by  76  or  80  feet  of  volcanic  sand  of  early 
Tertiary  age.  A  calcareous  formation  conformably  follows,  dipping 
north-eastward.  These  two  formations  seem  to  correspond  with  the 
Oligocene  rocks  of  Antigua.  The  Lafonde  Gravel  and  Marl  succeeds 
them  unconformably,  and  it  is  possible  that  the  limestone  of  the 
TJsine  of  Pointe  4  Pitre  is  of  about  the  same  general  age.  In 
addition  to  these  formations  there  are  raised  coral-reefs,  consolidated 
calcareous  sands,  alluvia,  the  loams  and  gravels  of  the  Petit  Bourg 
Series,  and  various  fragments  of  calcareous  groups.  The  tooth  of 
a  small  JElephaa,  allied  to  the  Maltese  type,  and  found  in  Grande 
Terre,  is  mentioned. 

The  land-surface  during  the  Mio-Pliocene  period  appears  to  have 
been  2,000  feet  above  the  present  level,  but  it  was  submerged 
200  feet  at  the  close  of  the  Pliocene  period  during  the  accumulation 
of  the  Lafonde  and  Lower  Petit  Bourg  gravels  and  loams.  There 
was  a  re-elevation  of  about  3,000  feet  in  the  early  Pleistocene  period, 
and  during  this  epoch  Elephas  could  have  crossed  from  the  continent. 
This  was  followed  by  a  depression  to  100  feet  or  more  below  the 
present  level,  a  re-elevation  to  150  feet,  submergence  below  the 
present  level  with  growth  of  corals,  and  the  elevation  of  these  to 
6  or  8  feet  above  the  sea. 

4.  <<0n  the  Geological  and  Physical  Development  of  Anguilla, 
St.  Martin,  St.  Bartholomew,  and  Sombrero."  By  Professor  J.  W. 
Spencer,  Ph.D.,  M.A.,  F.G.S. 

Deep  channels,  not  less  than  1,800  feet  deep,  separate  the  bank  on 
which  this  group  is  founded  from  the  banks  to  the  north  and  south. 
The  oldest  rock  of  St.  Martin  and  St  Bartholomew  consists  of 
greenstone  or  dioritic  porphyry  usually  much  decayed,  followed  by 
altered  limestones,  and  volcanic  ashes  and  breccias.  The  calcareous 
divisions  are  associated  with  chert  and  deposits  of  manganese. 
Fossils  found  in  these  rocks  in  St  Bartholomew  determine  the  age 
as  equivalent  to  the  Middle  Eocene  of  Europe.  A  white  limestone 
formation,  which  appears  to  correspond  with  the  limestone  series  of 
Antigua,  follows  unconformably.  The  limestone  is  partly  phos- 
phatized  at  the  surface  and  is  pitted  by  caverns.  It  is  apparently 
succeeded  by  upper  strata,  with  a  modem  fauna,  similar  to  that  of 
the  Pointe  h  Pitre  Limestone  of  Guadeloupe.  The  limestones  are 
nnconformably  covered  by  mantles  of  breccia,  gravels,  and  sand, 
which  may  be  regarded  as  the  equivalent  of  the  Columbia  formation 
of  the  American  Continent.  The  St.  Martin  plateau  was  a  land- 
surface  throughout  the  Mio-Pliooene  period,  during  the  earlier  part 
of  which  it  appears  to  have  stood  2,500  feet  above  its  present  level, 
and  was  probably  connected  with  the  now  neighbouring  insular 
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masses,  from  whioh  it  was  disoonneoted  by  denudation  during  a  very 
long  period  of  atmospherio  activity,  followed  by  a  subsidenoe,  so  as 
to  bring  the  present  surface  of  the  submarine  banks  to  a  level  so 
low  that  the  undulating  features  of  a  base-level  of  erosion  could  be 
formed  on  them ;  for,  during  the  period  when  the  deep  and  broad 
depressions  on  the  Antillean  chain  were  being  fashioned,  the  now 
isolated  island-groups  stood  out  as  table-mountains,  which  were 
slowly  being  eaten  away  by  atmospheric  agents.  There  was  next  a 
subsidence  to  about  200  feet  below  the  present  level,  about  the  close 
of  the  Pliocene  period,  followed  by  a  re-elevation  to  3,000  feet,  as 
shown  within  the  area,  but  in  reality  much  more.  It  was  during 
this  early  epoch  of  the  Pleistocene  that  the  great  rodents  described 
by  Professor  dope  reached  here  from  South  America,  but  the  race 
continued  to  live  here  sufficiently  long  to  give  rise  to  distinct  species. 
The  submergence  of  the  mid-Pleistocene  period  was  to  the  extent 
of  about  200  feet,  and  the  subsequent  elevation  was  marked  by 
moderate  denudation  with  the  production  of  shallow  watercourses, 
traceable  across  the  sunken  bcmks  to  depths  of  160  or  180  feet. 
Again  there  was  a  moderate  depression  sufficient  to  bring  the 
surface  a  few  feet  below  the  present  level,  succeeded  by  a  rise  during 
which  the  low  shell-bearing  sands  were  formed. 

6.  *'0n  the  Geological  and  Physical  Development  of  the 
8t  Ohristopher  Chain  and  Saba  Banks."  By  Professor  J.  W. 
Spencer,  Ph.D.,  M.A,  F.G.S. 

The  St.  Christopher  (St.  Eitt*s)  ridge  rises  from  2,000  to  2,800  feet 
above  the  submarine  Antillean  plateau,  and  is  for  the  most  part 
covered  with  shallow  water,  except  between  St  Eitt's  and  Mont- 
serrat,  where  a  depression  reaches  2,592  feet,  and  between  Statia 
(St  Eustacius)  and  Saba,  where  it  reaches  1,200  feet  Belies  of 
^^^Idjgneous  formations  are  found  on  the  islands,  but  in  most  places 
'^^theyafe  covered  by  more  recent  volcanic  formations. 

The  Brimstone  Hill  Limestone  is  the  succeeding  formation,  which 
appears  to  be  newer  Pliocene  or  Pleistocene,  and  to  correspond  with 
the  Upper  Marls  of  Anguilla  and  those  at  the  Usine  of  Pointe 
ik  Pitre  in  Guadeloupe. 

The  St  Eitt's  Gravels_succeed,  and  in  beds  of  apparently  the 
same  age  shells  of  living  species  have  been  found  at  an  altitude  of 
300  feet  The  main  volcanic  activity  belonged  to  the  mid-Pleistocene 
period.  It  is  inferred  that  the  group  underwent  the  same  physical 
history  as  the  neighbouring  groups  of  islands.  First  there  was  ; 
elevation,  followed  by  subsidence.  Then  came  the  second  great  \ 
elevation  to  about  3,000  feet  and  erosion  of  the  region,  when  the 
deep  valleys  and  cirques  indented  the  margins  of  the  tablelands,  and 
at  the  same  time  the  great  volcanic  ridges  were  built  Next  followed 
another  subsidence  to  about  300  feet  below  the  present  level,  and 
daring  this  epodi  the  volcanic  domes  of  Brimstone  Hill  and  the 
*  Quill '  of  Statia  were  formed.  The  succeeding  upward  movement 
carried  the  land  60  feet  or  more  above  the  present  level,  when 
ravines  and  small  channels  in  the  sunken  shelf  were  excavated. 
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Another  depression  to  40  or  50  feet  filled  np  these  rayines.  Then 
oame  final  re-elevation,  and  it  is  possible  that  a  downward  movement 
is  now  in  progress. 


CORRESI'02SrX)E32SrCE. 


NAMES    FOR    BRITISH    ICE -SHEETS. 

Sib, — Although  Professor  Bonney  does  not,  I  believe,  at  present 
allow  himself  to  be  included  among  "glaoialists  who  hold  the 

*  land-ice  theory/  "  to  whom  my  letter  on  the  above  subject  (Gbol. 
Mao.,  March,  1901,  p.  142)  was  addressed,  his  comments  (Gsol. 
Mag.,  April,  1901,  p.  187)  are  particularly  welcome  as  he  shows, 
by  practical  application  of  two  of  the  terms,  that  the  proposed 
nomenclature  may  have  its  advantages  even  to  the  opponents  of  the 

*  land-ice  theory.'  Granting  that  the  former  existence  of  ice-sheets 
in  this  country  is  a  disputed  inference,  we  may  nevertheless  find 
the  suggested  terminology  convenient  in  the  discussion,  even  when  it 
is  denied  that  the  terms  represent  anything  more  than  an  ill-founded 
conviction.  Prom  Professor  Bonney  and  those  who  think  with  him 
I  ask  no  more  than  that  the  nomenclature  of  the  British  Ice-sheets 
be  accepted  on  this  basis. 

By  the  way,  I  will  seek  Professor  Bonney's  permission  to  amend 
his  simile ;  surely,  in  this  case  it  is  not  that  the  glacialist  is  counting 
his  birds  before  they  are  hatched,  but  after  they  are  flown,  by  the 
indications  in  the  roost 

In  his  playful  suggestion  of  *  Dogger-igeld  *  as  a  name  for  the 
'East  British  Ice,'  and  in  his  accompanying  argument  as  to 
the  direction  of  ice-flow.  Professor  Bonney  seems  to  have  taken 
for  granted  that  the  Dogger  Bank  was  a  pre^laeial  feature.  But 
there  is  much  reason  to  believe  that  this  Bank  is  of  glacial  origiui 
while  of  the  pre-glaeial  contours  of  the  floor  of  the  North  Sea  we 
know  nothing.  In  areas  of  low  relief  the  radial  point  of  ice-fiow 
must  depend  principally  upon  the  incidence  of  maximum  snowfall, 
and  under  changing  conditions  of  climate  may  not  remain  fixed 
in  the  same  place.  I  have  elsewhere  set  forth  facts  indicating  that 
the  East  British  Ice  underwent  great  changes  in  this  respect  during 
the  progress  of  the  Glacial  Period. 

The  issue  raised  by  Professor  Bonney  as  to  the  transport  of  the 
Scandinavian  boulders  to  our  eastern  coast  has  been  frequently 
discussed  in  my  writings  on  the  Yorkshire  drifts ;  and  it  seems 
almost  superfluous  to  reiterate  my  opinion  that  the  presence  of  these 
boulders  does  not  imply  their  direct  transport  across  the  North  Sea 
basin  by  land-ice.  I  was  convinced  by  my  prolonged  examination 
of  the  Beisement  Clay  of  East  Yorkshire  that  the  invading  ice-sheet 
had  ploughed  up  a  sea-bottom  already  strewn  with  boulders  from 
the  shores, — "  wherefrom  it  follows  that  we  must  not  place  much 
confidence  in  the  evidence  gleaned  from  its  erratics  as  to  the  actual 
direction  and  distance  which  the  ice-sheet  has  traversed.'* 
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By  another  friendly  oritio  a  well-grounded  objection  has  been 
raised  to  the  proposed  term  *  Gambrian  loe-sheet,'  on  aoooont  of  the 
risk  of  oonfdsion  with  the  oommon  stratigraphioal  use  of '  Cambrian.' 
It  would,  perhaps,  be  safer  to  fall  back  upon  the  phrase  *  Welsh  loe- 
sheet '  (with  subdivision  into  '  North  Welsh '  and  *  South  Welsh '  if 
found  desirable). 

As  previously  stated,  my  more  immediate  objeot  is  especially  to 
nige  the  adoption  of  names  for  the  (hypothetical?)  ioe-sheets  of  our 
sea-basins,  for  which  I  have  recently  felt  the  pressing  necessity. 
On  the  terms  proposed  for  the  land-areas  I  do  not  at  present  lay 
much  stress,  though  it  would  be  convenient  if  these  could  be  fixed 
at  the  same  time.  G.  W.  Lahpluoh. 

TOKBBIDOB. 

Apnl  6,  1901. 


THE   SODIUM    OP   THE    SEA. 

Snt, — ^I  am  extremely  obliged  to  Mr.  Fisher  for  his  kindly  notice 
of  my  communication  concerning  the  **  Sodium  of  the  Sea,"  but  feel 
at  a  loss  how  to  reply,  owing  to  uncertainty  as  to  whether  Mr.  Fisher 
has  considered  and  rejected  De  la  Beche's  articles  on  Granite  and 
Elvan,  Divisional  Planes,  and  Mineral  Veins  and  Faults;  or,  has 
possibly  overlooked  such  an  ancient  authority. 

In  addition  to  all  that  De  la  Beohe  and  Dr.  Sorby  have  written, 
and  since  the  last  edition  of  the  **  Physios  of  the  Earth's  Crust,"  we 
have  the  additional  fact  that  all  the  types  of  fluid  inclusions  found 
in  granites  may  be  matched  in  different  quartz-veins,  so  that  all  the 
arguments  based  on  the  fluid  inclusions  in  igneous  magmas  must  be 
prepared  to  meet  the  cases  of  the  veins.  My  object  in  writing  was 
not  so  much  to  defend  the  sea-water  hypothesis,  as  to  remind 
geologists  that  it  existed.  Throughout  ray  own  early  training  I  was 
never  allowed  to  forget  that  the  weakest  link  in  a  chain  is  the 
measure  of  its  strength,  and  I  knew  full  well  that  the  slightest  slip 
in  fact  or  argument  involved  public  castigation  in  the  Transactions  of 
the  Devonshire  Association.  If  any  of  the  younger  geologists  in 
Devonshire  erred  in. discipline  our  captain,  William  Pengelly,  rarely 
£ailed  to  pipe  all  hands  on  deck  to  witness  punishment.  Mr.  Fisher, 
I  expect,  will  agree  with  me  that  in  the  present  day  it  is  considered 
of  far  more  consequence  that  a  theory  should  present  a  solid 
appearance  than  that  each  link  should  be  tested,  and  if  defective, 
rejected,  not  only  by  the  purchaser  but  by  the  chainmaker  himself. 

A.  K.  Hunt. 

POXWOBTHY,   MOEETONHAMPSTBAD. 
MOf/  7,  1901. 

INTERNATIONAL  GEOLOGICAL  CONGRESS. 

Sib, — I  regret  that  I  omitted  to  express  my  thanks  in  my  paper, 
**  Geological  Notes  on  Central  France,"  published  in  the  Geological 
Maoazins  (February,  1901,  p.  59),  to  the  Directors,  MM.  £oule, 
Fabre,  and  Martel,  for  their  kindness  and  consideration  during  the 
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OongresB  excursion  to  that  region.  I  did  not  intend  the  notes  as  a 
narrative  of  the  excursion,  only  as  a  small  help  to  friends  interested 
in  geology  who  may  not  possess  that  most  admirable  guide,  the 
**  Livret  Guide,"  provided  by  the  Committee  for  members  of  the 
International  (Geological  Congress,  over  which  so  much  labour  must 
have  been  expended. 

J  desire  now  through  the  medium  of  the  Gsologioal  Maoazinb 
to  tender  my  sincere  thanks  to  the  Directors,  to  whom  we  were  all 
greatly  indebted  for  their  kind  attention  and  able  discourses. 

M.  S.  Johnston. 
Hazblwood,  Wdcblbdon  Hill. 
AprU  24,  1901. 

THE  FISH  FAUNA  OF  THE  MILLSTONE  GRITS. 

Sib, — May  I  point  out  to  Dr.  Wellbum  that  the  value  of  his 
work  on  PalsBozoology  will  be  enhanced  if  he  will  take  a  little 
more  trouble  in  his  method.  I  read  Psephodus,  sp.  nov.,  AcanthodeB, 
sp.  nov.,  EuetenodopatB,  sp.  nov. ;  but  in  all  these  cases  I  have 
to  dig  the  specific  names  out  of  the  text  They  should  follow  the 
generic  name;  if  they  do  not  they  are  likely  to  be  overlooked. 
Those  forms  which  are  described,  and  to  which  specific  names  are 
giveu  by  the  author,  should  also  have  been  properly  entered  up  in 
the  table.  The  specialist  will,  no  doubt,  read  such  papers  right 
through,  but  that  will  certainly  not  be  the  case  of  the 

OVBBWHELMBD  EsGOBDKB. 


OBITTJ^I^-Sr. 


EDWARD  CRANE,  F.G.S. 
BoBN  NoTEMBEB  22,  1822.  Died  Apbil  25,  1901. 

Edwabd  Cbane,  youngest  son  of  Wright  Edward  Crane,  Esq., 
landowner,  of  Thomey,  Cambridgeshire,  and  Mary,  his  wife,  was 
bom  November  22nd,  1822.  He  was  educated  a*t  Wisbech  Grammar 
School,  spent  two  years  fishing  and  shooting  in  Ireland,  and  before 
he  was  of  age  had  settled  down  to  the  pursuit  of  agriculture  as 
A  tenant  farmer  on  the  Duke  of  Bedford's  model  Thomey  estate. 
In  1851  he  married  Jane  Turnell,  eldest  child  of  a  neighbouring 
farmer,  and  remained  in  Thomey  until  1866,  when  he  retired  and 
went  to  live  at  first  in  the  vicinity  of  the  Crystal  Palace.  Soon 
afterwards,  accompanied  by  his  wife  and  daughter,  he  visited  the 
continent  of  Europe,  and,  returning  to  England  in  November,  1867, 
settled  in  Brighton  ;  having  purchased  a  house  in  Wellington  Road, 
he  resided  there  until  his  sudden  death  on  April  25th,  1901. 

When  the  town  Museum  was  removed  from  the  Pavilion  rooms 
to  the  present  buildiug  in  Church  Street,  Edward  Crane  assisted  in 
arranging  the  geological  gallery.  He  became  a  member  of  the 
Museum  Sub-Committee  in  1878  during  the  Chairmanship  of  his 
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old  friend  Dr.  Thomas  Davidson,  F.B.S.  On  the  death  of  the 
latter  in  1885  he  was  eleoted  Chairman  of  the  Committee,  in 
which  capacity  he  served  the  interests  of  science  in  the  town  of 
Brighton  very  faithfully  for  eight  years.  Increasing  age  and 
deafhess  led  him  to  resign  the  Chair,  but  he  was  annually  re-elected 
a  member  of  the  Committee,  and  although  rarely  attending  the 
meetings,  continued  to  be  actively  interested  in  the  Museum,  and 
assisted  the  curators  in  every  way.  Edward  Crane  published  in  the 
Brighton  Public  Museum  Beport  for  the  years  1891-92  (Brighton, 
1892)  a  "  List  of  the  Type  Specimens  in  the  Brighton  Museum.'* 
He  was  elected  a  Fellow  of  the  Geological  Society  of  London  in  1872, 
and  frequently  attended  the  meetings  in  London  until  his  age  and 
deafoess  denied  him  the  pleasure.  He  was  an  enthusiastic  visitor  at 
the  Natural  History  Museum,  and  also  visited  the  principal  museums 
of  Central  Europe  and  Scandinavia.  In  1881,  accompanied  by  his 
daughter,  he  made  an  extended  tour  in  the  Eastern  and  Western 
United  States  and  Canada,  and  in  the  Winter  of  1884-5  visited  Spain, 
Cuba,  Mexico,  and  the  Southern  United  States.  He  had  formed 
warm  friendships  with  scientists  of  that  great  country,  which  he 
Nearly  loved.  Edward  Crane  remained  deeply  interested  in  scientific 
literature  up  to  the  last,  and  was  keenly  enjoying  Macnamara's 
'*  Origin  and  Character  of  the  British  People,"  and  his  dear  friend 
Mrs.  Zelia  Nuttall's  "Fundamental  Principles  of  Old  and  New 
World  Civilisations/'  during  the  last  week  of  his  life.  Edward 
Crane  passed  suddenly  away  from  heart  disease  of  long  standing 
at  St.  John's  Lodge,  Wellington  Boad,  Brighton,  on  April  25th, 
1901,  and  was  cremated  and  interred  on  April  30th  at  Woking, 
Surrey  (No.  468,  facing  north-west),  by  his  written  directions.  His 
widow,  Jane  Crane,  survives  him,  and  he  leaves  issue  an  only 
daughter,  Agnes  Crane,  who  has  been  a  frequent  contributor  to 
the  pages  of  the  Gbolooioal  Magazinb  and  other  periodicals. 


IMIISOEXjIjJ^IsrEOTJS. 


COMPLIMKNTABT    DlNNSB     TO     SiB     ARCHIBALD    GlIKIl,    D.C.L., 

P.B.S.,  BTO.— Sir  Archibald  Geikie,  who  retired  from  the  position 
of  Director-General  of  the  Geological  Survey  on  February  28th, 
after  forty-six  years  of  public  service,  was  entertained  on  May  1st 
at  a  complimentary  dinner  held  at  the  Criterion,  Piccadilly  Circus. 
The  Bight  Hon.  Lord  Avebury  took  the  chair,  and  among  those 
present  were  Major-General  Sir  John  Donnelly,  Sir  G^rge  Stokes, 
Sir  John  Evans,  Sir  Frederick  Abel,  Sir  Norman  Lockyer,  Sir  Henry 
Craik,  Sir  William  Turner,  Sir  Michael  Foster,  Sir  Henry  E.  Boscoe, 
Sir  Lander  Bmnton,  Sir  Henry  Howorth,  Sir  John  Murray,  Admiral 
Sir  William  Wharton,  Major-General  Posting,  Prof.  E.  Bay  Lankester, 
Mr.  S.  E.  Spring-Bioe,  Prof.  T.  McK.  Hughes,  Mr.  Digby  Piggott, 
Colonel  Johnston,  Prof.  Bonney,  Profc  Lapworth,  Prof.  Watte, 
Prof.  J.  Geikie,  Prof.  Wiltshire,  Prof.  Hull,  Dr.  W.  T.  Blanford, 
Lieut-General  McMahon,   Dr.  Horace  T.  Brown,  Major  Craigie, 
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Dr.  H.  F.  ParsoDs,  Dr.  J.  S.  Eeltie,  Prof.  Galloway,  Mr.  Hadleston^ 
Dr.  P.  L.  Sclater,  Prof.  Jolj,  Prof.  Gkurwood,  Mr.  Marr,  Prof. 
0.  Le  Neve  Foster,  Mr.  Whitaker,  Prof.  SoUaa,  Mr.  Bauerman,. 
Prof.  G.  A.  J.  Oole,  Prof.  Oorfield,  Mr.  Monokton,  Mr.  Herries,. 
Mr.  G.  Griffith,  Mr.  Teall,  Mr.  Horace  B.  Woodward,  Mr.  F.  W. 
Budler,  and  other  members  of  the  staff  of  the  Geological  Survey  and 
Museum  of  Practical  Geology,  Mr.  G.  Murray,  Dr.  H.  B.  Mill,  etc. 
Lord  Avebury  gave  an  interesting  account  of  the  scientific  career 
of  the  guest,  and  Sir  Archibald  G^^ie  made  an  eloquent  reply. 


On  the  menu-cards  was  printed  the  ooat  of  arms  of  '*  The  Boyal 
Hammerers,"  designed  by  the  late  William  Hellier  Baily  in  1849, 
which  we  are  enabled  to  reproduce  here. 

International  Geological  Congress,  Paris,  1900  :  An 
Apology. — In  printing  ''Notes  on  the  Geology  of  the  Eastern 
Desert  of  Egypt,"  by  T.  Barron,  A.K.C.S.,  F.G.S.,  eta,  and 
W.  F.  Hume,  D.Sc,  A.B.S.M.,  etc.,  published  in  the  April  number 
of  this  Magazine  (pp.  154-161),  the  words  "Abstract  of  a  paper 
read  before  the  International  Geological  Congress,  Paris,  August, 
1900,"  were,  by  accident,  omitted  to  be  printed  as  a  footnote  to 
the  title,  for  which  the  Editor  offers  his  sincere  apologies. 

Death  of  Professor  Gustav  Lindstrom,  For.  Mem.  Geol.  Soc. 
Lond.— In  a  letter  dated  20th  May,  1901,  addressed  to  Dr.  F.  A. 
Bather,  of  the  Geological  Department,  British  Museum  (Natural 
History),  Dr.  E.  W.  Dahlgren,  Librarian  of  the  Swedish  Academy 
of  Science,  Stockholm,  writes : — **  I  have  the  painful  duty  to  inform 
you  of  the  decease  of  our  common  friend.  Prof.  Gustav  Lindstrom,  on 
the  16th  inst.  He  had  been  suffering  from  erysipelas  in  the  face, 
but  his  doctor  said  it  was  not  dangerous,  and  no  anxiety  was  felt 
about  him.  On  the  evening  of  the  15th,  however,  he  became 
suddenly  worse,  and  early  next  day  he  expired."  Dr.  Lindstrom 
was  so  closely  associated  with  English  palsaontologists,  and  was  in 
such  intimate  relations  with  geologists  in  every  country,  that  his 
loss  will  be  keenly  felt  by  a  wide  circle  of  attached  friends.  We 
hope  to  give  a  suitable  notice  of  Dr.  Lindstrom's  life  and  work  in 
the  July  number  of  the  Geological  Magazine. — H.  W. 

May  26,  1901. 
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L — Eminent  Liying  Gkolooists  :  Pbofessob  Ghables  Lapwobth, 

LL.D.,  F.R.S.,  F.G.S.,  of  the  Bibminohah  Unitebsitt. 

(WITH  A  PORTRAIT,  PLATE  V.) 

CHABLES  LAPWORTH  was  bom  in  1S42  at  Faringdon,  in 
Berkshire.  Five  years  afterwards  his  parents  removed  to 
Lower  Newton,  one  of  the  farms  rented  by  his  grandfather.  He 
attended  the  ooantry  school  at  Buokland  village,  about  two  miles 
of^  and  the  vicar  of  the  parish,  the  Bev.  Joseph  Moore,  finding  him 
an  omnivorous  reader,  generously  lent  him  books  fix>m  his  own 
libraty  and  practically  directed  his  early  education.  At  the  age  of 
15  he  beciune  a  pupil  teacher  in  the  school,  and  in  the  year  1862 
entered  the  Training  College  at  Culham,  near  Oxford,  passing  out 
thence  in  1864  with  a  first-class  Government  certificate.  Of  the 
posts  as  schoolmaster  which  were  then  offered  him  he  selected  that 
connected  with  the  Episcopal  Church  at  Galashiels,  because  it  would 
give  him  a  home  and  work  in  the  fascinating  borderland  of  Sir 
Walter  Scott  This  post  he  retained  for  eleven  years,  and  was 
married  in  3869  to  the  daughter  of  Mr.  Walter  Sanderson. 

His  holidays  were  spent  in  wandering  over  the  Border  region,  and 
in  the  year  1869,  in  company  with  his  friend  Mr.  James  Wilson,  he 
began  the  study  of  the  geology  of  the  district  round  the  town,  zest 
being  given  to  the  work  by  the  discovery  of  fossils  in  rocks  which 
had  hitherto  been  considered  barren.  His  first  paper,  <'0n  the 
Silurian  Bocks  of  Ghtlashiels,"  was  read  before  the  Geological 
Society  of  Edinburgh  in  1870,  and  was  published  by  that  Society 
and  in  the  pages  of  the  Gsologioal  Magazine.  While  at 
Galashiels  he  wrote  his  paper  "On  an  Improved  Classification 
of  the  Bhabdophora  "  (1873). 

In  1875  he  was  appointed  to  one  of  the  assistant  masterships  in 
the  Madras  College,  St.  Andrews,  and  from  that  year  until  1881  he 
continued  to  teach  subjects  which,  though  not  absolutely  uncongenial 
to  him,  gave  little  or  no  scope  for  scientific  teaching  or  scientific 
methods.  *  But  the  post  afforded  much  that  he  wanted,  longer 
holiday-time  for  research,  greater  leisure  for  reading,  and,  above  all, 
frequent  association  with  such  friends  as  Nicholson  and  the  literary 
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and  soientifio  men  of  the  plaoe.  His  holidays  were  spent  in 
continning  his  work  on  the  stratigraphy  and  fossils  of  the  Soottish 
Uplands.  Here  he  wrote  his  papers  on  the  Moffat  Series,  the  Soottish 
Monograptidaa,  the  Distribution  of  the  Rhabdophora,  and  others. 

But  in  1881  came  a  welcome  change,  and  he  was  able  to  throw 
his  entire  energy  into  science,  scientific  teaching,  and  geology.  His 
researches  and  papers  had  by  this  time  made  his  name  familiar 
to  workers  in  the  older  fossiliferous  rocks,  and,  backed  by  many 
of  the  most  famous  British  and  foreign  geologists  of  the  day,  he 
applied  for,  and  was  elected  to  fill,  the  newly  established  Chair  of 
Geology  and  Mineralogy  at  the  Mason  College,  Birmingham,  his 
title  being  afterwards  modified  at  his  own  request  to  Professor  of 
Geology  and  Physiography.  He  at  once  plunged  into  the  teaching 
work  of  his  Chair,  but  the  greater  leisure  and  opportunities  the  post 
afforded  allowed  him  to  complete  and  publish  his  Girvan  paper,  to 
carry  out  serious  field-work  in  the  Highlands  of  Scotland,  to  make 
discoveries  in  the  Midland  district,  and,  later  on,  to  begin  that  work 
in  the  Ordovician  districts  of  Shropshire  which  was  to  lead  him 
down,  stage  by  stage,  to  the  uttermost  depths  of  the  Longmyndian 
rocks.  As  the  years  have  gone  on  he  has  practically  devoted  all  his 
energies  to  geological  and  geographical  work — not  only  as  a  teacher, 
investigator,  and  writer,  but  as  outside  lecturer,  textbook  writer, 
university  examiner,  scientific  adviser,  and  in  the  other  multi- 
farious obligations  which  appertain  to  the  Geological  Professor  of 
modem  days. 

Lapworth  was  elected  a  Fellow  of  the  Geological  Society  of 
London  in  1872,  was  awarded  the  Murchison  Fund  in  1878,  the 
Lyell  Fund  in  1882  and  1884,  the  Bigsby  Gold  Medal  in  1887,  the 
WoUaston  Medal  in  1899,  and  went  on  the  Council  of  the  Society  in 
1894.  The  honorary  degree  of  LL.D.  was  conferred  on  him  by  the 
University  of  Aberdeen  in  1884.  In  1888  he  was  elected  a  Fellow 
of  the  Boyal  Society,  receiving  a  Royal  Medal  in  1891,  and  serving 
on  the  Council  in  1895-1896.  He  has  acted  as  examiner  in  Geology 
to  the  Universities  of  Oxford,  Cambridge,  London,  Victoria,  and 
Wales,  was  President  of  the  Geological  Section  of  the  British 
Association  in  1892,  is  an  honorary  member  of  the  Geologists' 
Association  and  other  scientific  societies  at  home  and  abroad,  and 
is  now  President  of  the  Geological  Society  of  Glasgow. 

In  considering  the  general  scope  of  Professor  Lapworth's  work 
and  the  bearing  of  its  results,  it  will  be  well  to  divide  it  into  four 
branches.  Field  Geology,  G^eology  in  the  Laboratory  and  Study, 
Teaching,  and  Applied  Geology. 

1.    Worh  in  the  Field, 

The  development  of  the  geology  of  the  Southern  Uplands  may  be 
said  to  form  the  keynote  of  Lapworth's  field-work.  The  stratigraphy 
of  highly  complicated  districts  had  already  been  frequently  studied 
in  outline ;  and  in  mountain  districts  it  had  been  pointed  out  again 
and  again  that  the  apparent  sequence  was  not  to  be  trusted.  But 
the  detailed  unravelling  of  such  districts  had  been  seldom  attempted 
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with  any  saooess.  It  is  well  known  that  previous  to  Lapworth's 
researches  the  Silurian  rocks  of  the  Southern  Uplands  had  been 
oonsidered  to  be  a  normal  ascending  sequence  of  greywack68,  of 
enormous  thickness,  interrupted  by  occasional  thin  seams  of  black, 
graptolitio  shale.  As  the  graptolite  fauna  of  each  shale  mass  was 
broadly  the  same  as  that  of  every  other  mass,  it  was  naturally 
oonsidered  that  the  Upland  series  had  been  rapidly  deposited, 
without  any  important  organic  change  taking  place  from  base  to 
summit ;  and  that,  consequently,  graptolites  were  of  no  use  for  zone 
work.  Important  negative  conclusions  in  the  matter  of  evolution 
followed  as  a  ooroUary. 

One  of  the  first  things  that  made  Lapworth  suspect  that  things 
were  not  as  they  seemed  was,  that  graptolites  of  highly  divergent 
types,  though  found  near  together,  were  never  met  with  on  the  same 
slab  of  rock ;  and  this  was  followed  by  the  discovery  that  there 
was  always  a  difference,  sometimes  generic  and  always  specific, 
in  the  faunas  of  contiguous  and  successive  bands  in  each  shale  mass. 

When  he  had  discovered  that  on  proceeding  downwards  from  the 
greywack6  of  Dobb's  Linn  a  definite  sequence  of  graptolites  was 
met  with  down  to  a  certain  point,  he  hit  upon  the  important  fact 
that  a  corresponding  and  practically  identical  sequence  was  met  with 
also,  but  in  inverted  order,  in  descending  beyond  this  point  until 
greywackes  were  again  reached.  It  is  said  that,  on  first  suspecting 
Uiis,  Lapworth  rushed  into  the  field  and,  reaching  Dobb's  Linn  in  the 
twilight,  he  rapidly  collected  one  series  of  graptolites  in  descending 
to  the  critical  point  which  he  placed  in  his  right-hand  pockets,  and 
another  in  descending  below  it  which  he  put  in  the  left-hand  pockets ; 
he  then  carried  both  series  off  to  his  lodgings  to  compare  in  the 
lamplight.  The  comparison  verified  his  hypothesis,  and  he  now 
held  the  proof  that  in  this  locality,  at  all  events,  half  the  rock 
succession  was  inverted.  Indeed,  he  had  got  hold  of  the  right  end 
of  the  clue  which  subsequently  enabled  him  to  unravel  the  com- 
plicated stratigraphy  of  Uie  region.  To  this  task  he  now  devoted 
his  spare  time  for  seven  or  eight  years,  nor  did  he  stop  until  he  had 
followed  the  divisions  of  the  Moffat  Shale  from  sea  to  sea,  mapping 
the  critical  areas  in  great  detail,  sometimes  on  the  6  inch  scale,  but 
in  most  instances  surveying  and  constructing  his  own  larger  scale 
maps  of  the  special  localities,  in  which  he  could  insert  the  zones 
as  they  occurred  in  the  field.  At  the  same  time  he  acquired  the 
lai^e  collection  of  graptolites  necessary  to  verify  his  conclusions  and 
complete  his  knowledge  of  the  fauna. 

Although  probably  himself  satisfied  that  the  hypothesis  of 
a  chronological  sequence  of  graptolite  zones,  which  worked  so 
well  in  elucidating  the  complicated  structure  of  the  Moffitt  region, 
must  be  in  the  main  a  correct  one  for  the  Uplands  generally, 
Lapworth  proceeded  to  apply  the  severest  test  that  he  could  think 
of  to  his  conclusions.  For  that  purpose  he  selected  next  the 
Girvan  area,  where  the  rocks  have  a  different  facies  and  graptolite- 
bearing  seams  are  rare  or  subordinate,  but  where  it  was  already 
known  that  there  is  a  vast  array  of  other  Silurian  fossils  and  very 


Digitized  by  VjOOQ IC 


292  Professor  Charles  Lapworth,  LL.D,,  F.B.S. 

great  litbologioal  variety  in  the  strata.  Here  Lapworth  foand  his 
work  mnob  faoilitated  by  tbe  nob  oolleotions  of  fossils  akeady  made 
from  tbis  district  by  Mrs.  Bobert  Gray,  and  be  was  free  to  devote 
himself  to  working  out  tbe  stratigraphy  and  oolleoting  graptolites. 
The  outcome  of  the  stratigrapbioal  work  on  tbe  Girvan  snooession 
was  published  in  a  paper  to  tbe  Geological  Society  in  1882,  but  tbe 
publication  of  some  of  the  broader  structural  questions  connected 
with  tbe  surrounding  area  and  tbe  Uplands  as  a  whole  was  deferred 
for  some  years,  and  was  then  published  as  a  paper  on  the  Ballantrae 
Bocks  in  tbe  Gkolooioal  Magazine  in  1889. 

It  is  needless  to  say  that  tbe  Girvan  work  entirely  confirmed  that 
of  Moffat  in  all  particulars.  Tbe  succession  of  rocks  in  tbe  new 
area,  although  more  than  twenty  times  the  thickness,  was  found 
to  tally  with  that  of  Mo&t,  tbe  chronological  order  of  tbe  fossils 
common  to  tbe  two  areas  agreed,  tbe  succession  of  physical 
changes  was  coincident,  and  the  type  of  structure  indicated  that 
Mo&t  and  Girvan  were  parts  of  tbe  same  grand  region  of  deposition 
and  of  tbe  same  great  system  of  earth-movement  It  is  characteristic 
of  Lapworth,  however,  that  not  one  of  these  coincidences  is  so  much 
as  hinted  at  in  his  first  Girvan  paper.  Tbe  local  facts  were  described 
and  tbe  local  inferences  drawn,  but  the  reader  was  left  to  compare 
the  Girvan  and  Moffat  phenomena,  and  to  draw  from  them  the 
inevitable  conclusions  for  himself. 

Needless  also  to  remind  readers  of  tbe  Gkolooioal  Maoazimb 
that  tbe  officers  of  the  Geological  Survey,  unhampered  in  their 
methods  and  possessed  of  detailed  maps  to  work  with,  have  in 
tbe  course  of  time  entirely  confirmed  Lapworth's  conclusions  in 
tbe  two  areas,  and,  by  adopting  tbe  zonal  method  which  he  initiated 
with  such  success,  they  have  been  able  in  some  particulars  to  advance 
beyond  bis  original  conclusions.  The  great  Survey  Memoir  on  the 
Scottish  Uplands  is  not  only  tbe  record  of  a  fine  piece  of  survey 
work,  but  a  monument  to  the  genius  of  tbe  man  who  made  it  possible. 

Tbis  Upland  work,  together  with  its  demonstration  of  the  value 
of  tbe  graptolite  as  a  zone  index,  brought  Lapworth  into  conflict 
with  the  views  of  many  of  tbe  established  authorities  of  the  time. 
Particularly  was  this  the  case  with  tbe  veteran  Barrande,  whose 
well-known  theory  of  *  Colonies'  had  been  founded  to  get  over 
difficulties  almost  precisely  similar  to  those  which  existed  in  South 
Scotland.  Barrande  devoted  bis  final  "  Defense  des  Colonies,  No.  5,'* 
to  the  matter,  but,  far  from  subscribing  to  Lapworth's  views,  be 
maintained  tbe  validity  of  bis  colonies  and  even  named  a  new  one 
after  his  antagonist.  But,  neither  on  this  nor  on  any  other  occasion, 
has  Lapworth  turned  aside  from  bis  course  to  indulge  in  controversy ; 
be  has  simply  gone  straight  on  with  bis  work. 

Having  demonstrated  that  the  Southern  Uplands  were  the  relic 
of  a  wide  area  of  erogenic  movement,  Lapworth  was  next  naturally 
drawn  to  a  region  in  which  earth-movement  bad  bad  even  greater 
play  than  in  tbe  Uplands.  The  experience  already  gained  would 
constitute  the  basis  of  his  researches  and  enable  him  to  get  over 
preliminary  difficulties,  while  he  would  learn  the  effects  of  a  much 
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more  oomplioated  movement,  carried  on  throagh  a  longer  period,  over 
a  greater  area,  and  to  a  higher  degree  than  in  the  sonth.  Henoe  he 
started  work  in  1882  in  the  DurnesB-Eriboll  district  of  the  Scottish 
Highlands,  working  after  the  same  model  as  before,  by  selecting 
definite  bands  of  rock,  zoning  them,  and  running  them  as  clues 
through  the  complex.  Here,  however,  fossils  ceased  to  be  the  guide, 
and  it  was  only  by  noticing  lithologic»l  differences  that  the  selected 
strata  could  be  individualized  and  recognized  from  point  to  point 
These  were  mapped  in  detail,  as  before,  in  order  to  bring  out  the 
structure.  In  a  short  time  Lapworth  had  ascertained  the  true 
succession  amongst  the  unaltered  rock-formations,  and  made  out 
enough  of  the  tectonic  facts  to  destroy  once  for  all  the  old  idea 
of  an  upward  succession  into  the  so-ciedled  'newer  gneiss.'  The 
structure  was  of  Alpine  character,  and  **  the  stratigraphical 
phenomena  identical  with  those  developed  by  Bogers,  Suess, 
Heim,  and  Brogger  in  extra-British  mountain  regions."  These 
results  were  published  in  1888  in  the  earlier  pages  of  ''The 
Secret  of  the  Highlands."  In  the  later  pages  he  introduced, 
summarized,  and  discussed  the  phenomena  and  principles  of 
mountain  structure  developed  in  Heim's  great  work  on  **  Gebirgs- 
bildung,"  in  preparation  for  the  understanding  of  the  higher  stages 
of  the  Highland  work.  Oorresponding  stratigraphical  results  had 
been  simultaneously  obtained  by  Callaway  in  the  Assynt  district, 
and  the  G^logical  Survey  began  their  mapping  of  the  North- West 
Highlands.  The  Surveyors  followed  the  zonal  method,  obtained 
the  same  non-metamorphic  succession,  and  in  the  course  of  a  few 
years  not  only  demonstrated  the  Alpine  structure  of  the  region,  but 
proved  the  existence  of  some  of  the  grandest  and  most  important 
phenomena  known  to  the  world  of  geology.  It  is  to  be  hoped  that 
at  no  distant  date  we  may  see  in  a  Survey  Memoir  on  the  Highlands 
a  worthy  companion  volume  to  the  great  Upland  Memoir. 

Lapworth  returned  to  the  Highlands  in  the  following  Summer, 
but  the  plain  living  and  hard  thinking  brought  on  a  serious  illness 
which  prevented  him  from  writing  farther  on  the  tectonic  side  of 
the  subject  But  not  before  he  had  reached  conclusions  on  dynamic 
metamorphism  somewhat  similar  to  those  arrived  at  on  other 
grounds  by  Lessen  in  the  Harz  and  Lehmann  in  the  Erzgebirge. 
These  views  were  summarized  in  a  short  paper  published  by  the 
Geologists'  Association  (1885),  and  more  fully  developed  later  on  in 
his  edition  of  Page's  "  Introduction  to  Qeology  "  and  elsewhere. 

When  Professor  Lapworth  went  to  Birmingham  it  was  thought 
that  the  fossiliferous  Llandovery  rocks  of  the  Lickey  Hills  were  the 
oldest  rocks  in  the  Central  Midlands.  But  in  the  year  1882,  aware 
that  the  earlier  geologists  had  paralleled  the  quartzites  of  Nuneaton 
and  the  Lickey  with  those  of  the  Wrekin  and  Caradoc,  which  had 
later  on  been  shown  by  Callaway  to  be  at  least  older  than  the 
Upper  Cambrian,  he  suggested  that  these  rocks  were  probably  the 
outstanding  parts  of  a  buried  land  surface  older  than  the  Silurian. 
In  less  than  a  month  actual  proofs  of  this  view  were  discovered  at 
the  Lickey  by  Mr.  F.  T.  S.  Houghton  and  by  Lapworth  himself. 
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The  same  year  Lapworth  and  Mr.  Jerome  Harrison  proved  that  the 
rooks  of  Nuneaton,  Hartshill,  and  Atherstone,  instead  of  being  Coal- 
measures  and  Millstone  Grit  as  laid  down  on  the  published  maps, 
were  also  parts  of  this  buried  land  and  of  Cambrian  age.  This  was 
established  by  Lapworth's  finding  of  Cambrian  fossils  in  the  shales 
of  Stookiugford,  above  the  Quartzite,  and  volcanio  rooks  of  Uriconian 
type  underneath  it.  These  disooveries,  of  course,  demanded  fresh 
maps  of  the  districts  implicated ;  in  1886  the  officers  of  the  Survey 
oame  down,  satisfied  themselves  as  to  their  correctness  in  the 
Nuneaton  district,  and  brought  out  new  editions  of  their  maps  in 
order  to  include  them.  In  1898  the  same  thing  was  done  for  the 
Lickey  Hills,  the  official  surveyor  being  on  this  occasion  an  old 
student  of  Lapworth's,  trained  by  him  on  those  very  hills.  The 
more  crucial  parts  of  both  these  districts  had  already  been  mapped 
in  detail  by  Professor  Lapworth,  sometimes  in  company  with  his 
students. 

The  further  discovery  of  calcareous  beds  in  the  upper  part  of  the 
Nuneaton  Quartzite,  by  Dr.  T.  Stacey  Wilson,  led  to  the  searching  of 
the  rocks  for  fossils  along  this  line  of  country  by  Professor  Lapworth, 
and  the  discovery  of  a  bed  of  limestone  bearing  Hyalites  and  other 
fossils  characteristic  of  the  lowest  fossiliferous  Cambrian  or  Etche- 
minian  horizons  of  America  and  elsewhere  (1897). 

In  1886  work  was  begun  in  the  Shelve  district  of  Shropshire,  and 
in  the  course  of  two  or  three  years  the  sequence  was  made  out  and 
compared  with  that  of  South  Scotland,  North  Wales,  and  Scandinavia 
(1887,  1894).  In  later  years  the  more  detailed  mapping  of  the 
greater  part  of  that  area  has  elucidated  its  structure,  while  at  the 
same  time  the  more  complicated  Caradoc  region  on  the  east  of 
the  Longmynd  has  been  studied.  Failing  to  find  in  that  district 
a  satisfactory  base  to  the  Ordovician  System,  the  Cambrian  rocks 
were  next  dealt  with,  the  first  outcome  being  the  discovery  of 
OlenelluB  and  its  accompanying  fauna  at  the  top  of  the  basal 
Shropshire  Quartzite  (1888).  This  discovery  resulted  directly 
in  the  finding  of  the  equivalent  of  the  Olenellus  Limestone  at 
Nuneaton,  and  indirectly  in  the  finding  of  Olenellus  in  the  '  Fucoid 
Beds  '  of  North  Scotland.  Thus  a  definite  Lower  Cambrian  horizon 
became  marked  out  over  a  large  area,  and  the  base  of  the  Cambrian 
System  was  drawn  at  the  bottom  of  the  Quartzite. 

It  was,  however,  soon  found  impossible  to  complete  the  study  of 
the  Lower  Palaaozoic  sequence  of  this  region  without  mapping  the 
underlying  floor  of  Dr.  Callaway's  XJnoonian  and  Longmyndian  rocks 
and  working  out  the  sequence  and  structure  of  the  Harlech  anticline, 
which  has  been  more  or  less  completed  by  Lapworth  and  his  friend 
Dr.  Stacey  Wilson. 

This  bald  enumeration  of  thirty-three  years'  field-work  naturally 
leads  to  a  brief  consideration  of  the  causes  which  have  contributed 
to  its  success.  The  principal  reasons  appear  to  the  writer  to  be 
the  following: — (1)  Careful  mapping  on  lines  similar  to  those 
adopted  by  the  (Geological  Survey,  but  usually  in  greater  detail; 
the  difficult  areas  being  done  on  as  large  a  sc»le  as  possible,  and 
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the  omoial  points  visited  many  times  over  until  their  structure  has 
beoome  quite  clear.  To  this  class  of  work  Lapworth  was  naturally 
drawn  by  his  early  interest  in  physical  geography,  when  he  was 
always  seeking  to  explain  the  causes  underlying  observed  phenomena. 
His  untiring  industry,  actuated  by  what  has  been  called  '  a  genius 
for  stratigraphy'  and  a  good  eye  for  a  country,  filled  even  the 
dullest  routine  work  with  interest  (2)  The  observation  of  minute 
lithological  changes  whether  in  a  vertical  or  a  lateral  direction. 
(3)  The  zonal  collection  and  identification  of  fossils  from  every  band 
which  yields  them.  (4)  The  capacity  to  'see  solid'  into  a  map 
8o  that  a  complete  picture  of  the  solid  structure  is  constantly  present 
before  the  mind.  (5)  The  careful  thinking  out  of  the  bearing  of  facts 
observed  and  entered  on  the  maps  in  the  light  of  many  possible 
theoretical  explanations,  until  a  consistent  hypothesis  is  hit  upon 
by  the  method  of  trial  and  error.  (6)  But,  above  all,  the  power 
to  realize  vividly  the  conditions  which  might  have  given  rise  to  the 
observed  phenomena ;  so  that  in  imagination  he  sees  them  at  work 
and  studies  their  results.  It  has  been  said  more  than  once  that  it 
is  of  no  use  to  contradict  Lapworth  when  he  has  made  up  his  mind 
on  a  geological  question,  "because  he  was  there  when  the  rocks 
were  made." 

2.    Work  in  the  Laboratory  and  Study. 

Lapworth's  investigations  on  the  graptolites  must  be  regarded  as  the 
outcome  of  his  work  in  the  Uplands,  for  from  this  region  he  collected 
and  worked  through  hosts  of  these  fossils,  the  difficulty  of  satisfactorily 
identifying  species  causing  him  to  save  all  specimens  which  might 
lead  to  unmistakeable  identification  or  throw  light  on  the  life-history 
of  these  extinct  hydrozoa.  At  the  time  he  began  the  study  the 
classification  of  the  graptolites  in  general  use  was  in  almost  as  nnsatis- 
faotory  a  state  as  the  grouping  of  the  rocks,  and  the  two  studies  had 
to  be  carried  on  concurrently.  But  while  this  iucreased  the  labour  it 
intensified  the  interest,  and  directed  attention  to  points  which  might 
otherwise  have  been  overlooked.  The  graptolites,  among  which 
exeellent  work  was  also  being  done  by  Hopkinson  and  Nicholson, 
soon  began  to  sort  themselves  out ;  the  rock-formations  resisted  much 
longer.  Lapworth's  study  and  comparison  of  his  own  collection, 
Mrith  those  already  made  in  other  parts  of  the  world,  gave  rise  to  his 
paper  *'  On  an  Improved  Classification  of  the  Bhabdophora,"  which 
was  published  in  1873,  and  has  since  been  either  accepted  as  the 
standard  to  which  graptolites  are  referred,  or  has  formed  the  basis 
upon  which  the  newer  provisional  classifications  are  founded. 
Having  acquired  a  profound  belief  in  the  value  of  graptolite  species 
for  zone  work,  he  took  every  opportunity  for  several  years  to  collect 
q)eoimens  not  only  in  Scotland  but  in  Wales  and  Ireland,  and  of 
studying  the  works  and  collections  of  others,  thus  accumulating 
a  vast  amount  of  material  for  his  invaluable  treatise  on  ''The 
Qeological  Distribution  of  the  Bhabdophora"  (1879-80),  in  which 
for  the  first  time  not  only  are  graptolite  zones  established  over 
Britain,  but  the  distribution  of  the  zones  and  their  contents  all  over 
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the  world,  so  far  as  was  then  possible,  was  analysed,  tabulated,  and 
described,  and  the  inferenoe  established  that  the  g^ptolite  was  as 
reliable  as  the  ammonite  for  a  working  stratigraphioal  index. 

Some  jears  elapsed  before  these  oonclnsions  were  accepted  in  their 
entirety,  except  by  his  friends  and  fellow-workers  in  Scandinavia, 
bnt  giadoally  his  methods  were  taken  up  by  first  one  and  then 
another  of  the  younger  men  in  Britain  and  abroad,  until,  eventually, 
students  of  Palaaozoio  rocks  in  all  parts  were  sending  LapworUi 
graptolites  for  identification,  and  numerous  papers  and  appendices 
to  papers,  containing  descriptions  of  new  species  and  identifications 
of  old  ones,  were  published  (1876, 1877, 1881).  St.  David's,  County 
Down,  Central  Wales,  and  many  other  British  districts  soon  yielded 
graptolites  in  sufficient  quantity  to  enable  the  rock-horizons  to  be 
ascertained,  and  though  the  results  sometimes  conflicted  with  the 
apparent  stratigraphy,  that  was  only  so  mudi  the  worse  for 
appearances  and  so  much  the  better  for  facts.  From  foreigpi 
countries  and  from  the  Colonies  specimens  came  in  for  identi- 
fication and  as  tests  of  the  mapping.  Led  insensibly  thereto  by 
their  own  discoveries,  palsdontologists  fell  into  the  habit  of  similarly 
classifying  their  fossils  and  employing  them  zonally,  so  that  now 
the  despised  graptolite  of  thirty  years  ago  has  become  universally 
accepted  as  the  guide  to  the  zonal  order  of  the  older  fossiliferous 
rocks. 

The  Upland  work  demonstrated  that  graptolites  had  not  been 
standing  still  while  all  the  SUurian  rocks  were  being  deposited, 
but  that  there  had  been  continual  variation,  modification,  and 
evolution.  This,  with  the  material  subsequently  accumulated, 
bearing  on  the  life-history  and  habitats  of  the  group  and  the 
probable  causes  to  which  their  evolution  was  due,  enabled  Professor 
Lapworth  to  contribute  to  a  paper  by  Walther  an  important  com- 
munication on  the  "  Mode  of  Life  of  the  Oraptolites"  (1897),  in  which 
he  advanced  the  theory  that  whilst  the  earliest  and  dendroid  graptolites 
stood  upright  in  shallow  shore  water,  the  later  and  more  typical 
forms  (Rhabdophora)  hung  suspended  from  floating  sargasso-like 
seaweeds,  so  that  they  were  drifted  over  the  sea-watera  as  *  pseudo- 
plankton  '  by  currents,  and  their  skeletons  thus  distributed  more  or 
less  all  over  the  sea-bed.  This  gave  origin  to  the  wide  distribution 
of  graptolite  zones,  and  also,  in  all  probability,  was  the  actuating 
cause  of  the  morphological  evolution  of  the  families  and  genera  of 
Bhabdophora,  as  well  as  the  explanation  of  their  abundance  in  black 
carbonaceous  shales. 

Later  on  Dr.  Lapworth  undertook  the  task  of  describing  the 
British  graptolites  for  the  PalaBontographical  Society,  and  devoted 
a  large  amount  of  time  to  the  oorrect  drawing  and  illustrating  of  the 
fossils.  ^  Numerous  experiments  in  the  reproduction  of  illustrations 
were  tried  and  are  still  being  tried,  and  a  new  form  of  microscope 
(the^  Lapworth-Parkes)  was  worked  out,  by  which  even  laige 
specimens  can  be  drawn  in  great  detail,  and  under  such  conditions 
of  lighting  that  no  important  point  of  structure  is  omitted,  the  main 
purpose  being  to  present  the  object  as  like  nature  as  possible  without 
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tny  interposidoh  of  the  personality  of  the  artist.  The  large-scale 
drawings  are  afterwards  redaoed  by  means  of  photography  to  the 
natural  size  of  the  fossil.  The  monograph  is  now  being  written  and 
illastrated  jointly  by  Miss  Elles  and  Miss  Wood  under  Dr.  Lapworth's 
editorship. 

A  rapid  reader,  with  the  faouUy  of  quickly  *  tearing  the  heart  out 
of  a  book/  of  '  spotting '  mistakes  into  which  a  writer  may  have 
fiallen,  and  of  seeing  the  importance  of  an  author's  facts  even  when 
his  interpretation  is  wrong,  Lapworth  goes  to  his  work,  whether  in 
the  field  or  the  study,  with  a  clear  view  of  the  problems  to  be  faced 
and  a  knowledge  of  the  crucial  points  for  testing  hypotheses,  of 
which  he  has  generally  plenty  on  hand  ready  for  immediate  use. 
Thus  it  often  happens  that  the  main  points  in  a  research  are  settled 
in  a  few  days,  but,  meanwhile,  a  host  of  new  problems  have  arisen, 
and  for  their  solution  it  is  necessary  to  work  out  the  district 
thoroughly.  As  Professor  Marcel  Bertrand  pertinently  puts  it, 
Lapworth's  widest  results  have  been  often  arrived  at  *'  4  Taide  de 
oes  outils  qu'il  a  foi^6s  lui-mdme  et  que  d'autres  eussent  dedaignes." 
This,  coupled  with  a  keen  zest  for  outdoor  work,  which  carries  him 
out  into  the  field  on  every  fine  day  and  most  wet  ones  if  they 
happen  to  be  Saturdays  or  in  holiday-time,  accounts  for  the  large 
amount  of  single-handed  field-work  that  he  has  accomplished.  His 
own  explanation  is,  that  it  is  simply  the  natural  outcome  of  a  child- 
hood spent  among  books  in  lieu  of  companions,  of  a  manhood  blessed 
by  the  constant  encouragement  and  aid  of  his  friends,  and  of  almost 
a  lifetime  passed  in  the  sympathy  of  his  pupils. 

The  keenness  in  understanding  and  appreciating  the  work  of 
others,  which  led  Lapworth  to  abstract  parts  of  Heim's  Alpine 
treatise  in  order  to  show  that  there  was  nothing  new  in  the 
principles  employed  in  his  own  Highland  work  except  their 
application  to  that  district,  and  which  is  further  exemplified  in  his 
appreciative  memoirs  of  his  early  scientific  friends  Linnarsson, 
Nicholson,  and  Orosskey,  is  accompanied  by  a  vivid  imagination 
which  enables  him  to  visualize  accurately  the  subjects  on  which  he 
reads,  a  power  of  recognizing  connecting  links  between  severed  lines 
of  enquiry,  and  a  faculty  for  picking  out  those  exceptions  to  laws 
which  indicate  the  existence  of  some  greater  law  including  the  less. 

In  his  two  papers  **  On  the  Tripartite  Classification  of  the  Older 
Paladozoic  Rocks"  (1879)  and  "The  Close  of  the  Highland  Con- 
troversy" (1885)  we  see  Lapworth  in  another  light  In  these 
tactful  endeavours  to  still  controversy,  neither  of  them  fruitless, 
we  see  such  a  grip  of  the  subjects  dealt  with  as  to  indicate 
complete  mastery  of  the  literature,  independent  thought,  extreme 
care  and  skill  in  the  presentation  of  conclusions  and  suggestions, 
and  just  that  gentle  suspicion  of  the  authority  which  his  own 
work  on  the  subieots  dealt  with  entitled  him  to  assert  In 
each  case  Lapworth  brought  out  the  best  points  in  the  discoveries 
of  the  rival  pioneers,  and  showed  that  of  such  points  those 
which  were  vital  were  generally  the  common  property  of  the 
rivals  and  their  schools;   but  he  indicated  most  firmly  that  past 


Digitized  by  VjOOQ IC 


298  Professor  Charles  Lapworth,  LL.D.,  F.B.S. 

history  and  dead  oontroversy  must  never  be  allowed  to  olog  the 
wheels  of  progress.  In  both  oases  the  old  men  had  built  a  firm 
platform  on  whioh  the  new  men  were  standing  ready  for  the  next 
rush  forward;  they  should  not  be  too  muoh  ooncemed  about  the 
building  of  that  platform  when  onoe  they  are  convinced  about  ita 
soundness,  nor  must  they  spend  all  their  time  quarrelling  as  to  how 
its  parts  were  first  put  together.  The  great  thing  for  them  is  to 
make  the  next  advance  and  to  see  that  it  is  unhampered  by  questions 
of  authority  or  nomenclature.  It  is  largely  due  to  the  moderate  tone 
of  these  papers  that  the  Highland  question  is  now  no  more,  and  that 
the  term  *  Ordovician '  has  been  adopted  nearly  all  over  the  world. 

The  appointment  of  Professor  Lapworth  to  the  presidency  of  the 
(Geological  Section  of  the  British  Association  at  Edinburgh  in  1892 
necessitated  the  preparation  of  an  address,  and  gave  him  the 
opportunity  of  welding  together  his  researches  and  theories  in 
geology  and  geography  by  dealing  with  the  rock  -  fold,  the 
*  weddiug  -  ring '  of  the  two  sciences.  After  treating  of  the 
physical  and  geological  aspects  of  the  structure  he  passed  on  to 
apply  it  to  the  making  of  mountains  and  continents,  and  to  connect 
it  with  the  form  and  structure  of  the  earth  itself.  Further  develop- 
ments of  this  subject  in  time  and  space  were  communicated  to  the 
eulogists'  Association  and  the  Royal  Qeographical  Society  respec- 
tively, and  have  been  treated  of  in  college  and  other  lectures  on 
tectonic  geology. 

As  Lapworth's  South  Scottish  work  came  into  contact  with  and 
made  Barrande's  theory  of  '  Colonies '  untenable,  so  his  views  on 
the  effects  of  mountain  movement  conflicted  with  Bichthofen's 
beautiful  theory  of  the  coral-reef  origin  of  the  limestone  masses  of 
the  Dolomites.  A  paper  on  the  Dolomite  country  by  Miss  Ogilvie 
(Mrs.  Gordon)  was  read  before  Baron  von  Bichthofen,  who  wae 
present  at  the  Edinburgh  meeting,  and  Lapworth,  who  had  long 
considered  the  matter,  although  he  had  never  visited  the  ground, 
took  the  opportunity  of  stating  his  belief  that  the  so-called  reef 
structures  were  the  result  of  crust-deformation  and  not  of  original 
deposition,  and  that  the  associated  igneous  rocks  belonged  to  the 
period  of  movement.  The  work  and  conclusions  of  Miss  Ogilvie 
on  this  Dolomite  region  are  familiar  to  tectonic  geologists. 

But  although  the  results  of  Lapworth's  work  have  conflicted  with 
some  of  the  grandest  geological  hypotheses  of  his  time,  there  is 
probably  no  other  geologist  who  employs  theory  as  a  working  tool 
to  a  greater  extent  in  his  own  research,  in  teaching,  and  in  prompting 
investigation  and  discovery  in  others,  or  who  so  instinctively  relies 
upon  the  scientific  use  of  the  imagination.  In  his  favourite  '  fold 
theory,'  '  reciprocal '  or  '  antilogous  '  theory  of  deformation,  the 
rock-fold,  made  up  of  two  homologous  and  balanced  parts,  the  one 
positive  and  the  other  negative  ('antilogues'),  is  made  to  do  duty 
as  the  archetype,  and  this  type,  so  characteristic  of  more  or  less 
flexible  sheets,  is  traced  in  the  one  direction  into  the  wave-shape 
of  fluids,  and  in  the  other  direction  into  the  fractures  and  faults  of 
solid  bodies.    The  fold-line  or  zero  line  is  identified  with  the  elastio 
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onrve,  and  the  fold-shape  is  regarded  as  recognizable  in  all  three 
dimensions  and  in  all  gradations  of  size.  When  we  hear  the 
applications  of  this  theory  employed  by  Lapworth  to  account  for 
the  land  and  water  hemispheres  of  the  globe,  the  shapes  and  trends 
of  all  crust  movements,  and  hosts  of  other  geological  phenomena,  we 
are  fascinated  with  the  manner  in  which  the  countless  facts  feJl  into 
iq[>parent  order  and  relationship,  and  for  the  time  are  almost  willing 
to  accept  his  sanguine  view  that  ''this  twisted  plate  unlocks  the 
whole  treasure-house  of  the  new  geology."  But  we  confess,  all 
the  same,  to  a  feeling  of  profound  satisfaction  when  its  employer 
asserts  that  it  must  be  regarded  in  the  meantime  as  a  working 
hypothesis,  a  symbolical  expression  of  facts,  rather  as  a  means  of 
grouping  than  of  explaining  phenomena,  until  such  time  as  its 
assumptions  and  illustrations  have  been  more  fully  identified  with 
the  every-day  results  and  conclusions  of  the  physicist 

How  interesting  and  stimulating  is  Lap  worth's  habit  of  employing 
some  striking  theory  and  stringing  upon  it  crowds  of  associated 
facts,  those  who  attended  the  Shropshire  excursion  in  1894  will 
remember,  who  heard  him  describe  the  e£fects  of  the  rolling  in  of 
the  Caledonian  crust-creep  from  the  north-west  upon  the  Ordovician 
region,  already  folded  to  the  north  and  south,  and  how  the  location 
of  the  laccolites  and  other  igneous  injections  in  particular  parts  of 
the  wrinkles  was  thus  determined  ;  or  those  who  joined  the  long 
excursion  to  Birmingham  in  1898,  and  heard  the  physiography  of 
the  middle  valley  of  the  Severn  explained  as  the  result  of  the 
enforced  irruption  of  the  original  upper  Dee  in  early  Glacial  times, 
or  the  relations  of  the  Triassic  and  Palaeozoic  rock  of  the  Midlands 
pictured  as  those  of  a  rugged  mountain  region  slowly  buried  under 
a  sea  of  desert -sand  and  marl.  In  the  same  way  his  advanced 
students  are  led  to  store  up  and  correlate  couutless  facts  in  their 
memory  by  their  natural  harmony  with  some  all-embracing  theory, 
SQoh,  for  example,  as  the  explanation  of  the  tectonics,  lithology,  and 
palsBontology  of  the  Palseozoic  rocks  on  the  theory  of  the  develop- 
mental history  of  an  ancient  festoon  island  region  like  that  of 
Eastern  Asia,  or  the  explanation  of  the  phenomena  of  the 
Oarboniferous  rocks  by  the  struggle  for  supremacy  between  the 
Oaledonian  and  the  Armorican  crust-creeps.  But  these  theories 
are  always  regarded  as  servants  and  not  masters,  merely  provisional 
approximations  to  the  truth. 

3.   Teaching  Work. 

For  twenty  years  Lapworth  has  been  sending  into  the  world 
a  stream  of  geologists,  many  of  them  equipped,  not  only  with  know- 
ledge of  their  subject,  but  with  enthusiasm  and  capacity  for  original 
work  in  it.  He  has  watched  the  Mason  Science  College  grow  into 
the  Mason  University  College,  and  that  again  into  the  University  of 
Birmingham,  and  has  taken  an  active  part  in  each  step  of  the 
advance.  While  he  does  not  disdain  to  drill  his  students  and  drum 
into  them  by  question  and  answer  the  points  he  wishes  them  to  get 
hold  of,  he  is  rarely  content  in  his  lectures  with  the  mere  imparting 
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of  infonnation,  but  almost  invariably  he  happens  apon  points  whioh 
rouse  genuine  interest  His  department  not  only  oovers  so  much  of 
Geology  as  oan  be  orammed  into  the  limited  time  allotted  to  the 
study,  but  he  has  started  and  maintained  large  classes  in  Qeography, 
dwelling  particularly  on  those  parts  of  the  study  which  admit  of 
scientific  treatment  Indeed,  these  classes,  the  bearing  of  the 
Edinburgh  address,  and  the  bias  of  much  of  his  own  research,  are 
all  symptoms  of  his  attitude  towards  the  sister  science,  regarding 
Qeology  as  the  Geography  of  the  past,  and  Geography  as  the 
(}eologv  of  the  present  He  has  aroused  a  widespread  local  interest 
in  Geology  by  delivering  afternoon  and  evening  lectures  of  a  more 
popular  but  still  systematic  character,  by  holding  weekly  excursions 
during  the  Summer,  and  by  delivering  occasional  lectures  in  the 
neighbouring  towns.  Amongst  the  characteristic  features  of  his 
teaching  may  be  mentioned  the  classes  on  structural  and  field 
geology,  his  economic  courses,  and  his  research  classes.  His  classes 
on  structural  geology  learn  the  principles  which  guide  the  field 
geologist's  work,  and  his  practical  class  spends  a  term  in  the  actual 
mapping  of  a  Midland  district  on  the  six -inch  scale,  with  the 
accompanying  office-work.  One  or  more  workers  are  generally  to 
be  found  in  the  research  department  engaged  upon  graptolites, 
trilobites,  brachiopods,  rock-specimens,  or  other  materitd  collected 
in  the  field.  In  order  that  he  may  have  a  larger  amount  of  time  to 
devote  to  investigation  and  to  those  portions  of  his  teaching  which 
may  be  regarded  as  special  to  himself,  the  lovers  of  science  in  the 
city  and  district  have  provided  him  with  an  assistant-professor  to 
take  the  rest  of  his  College  teaching. 

For  many  years  a  Geological  Section  of  the  Birmingham  Natural 
History  and  Philosophical  Society  has  met  in  his  rooms  in  the 
Mason  College.  The  largest  contributor  of  papers  and  subjects  for 
discussion  has  been  the  Professor  himself,  but  the  first  drafts  of 
many  papers  afterwards  contributed  to  the  greater  learned  societies 
have  often  been  read  and  discussed  by  his  students  in  that  Section. 

By  conducting  long  excursions  for  the  Geologists'  Association,  the 
British  Association,  and  other  bodies,  into  districts  with  which  he  was 
especially  familiar,  by  publishing  papers  and  guidebooks  descriptive 
of  the  regions  to  be  studied,  and  by  his  textbooks  on  geology  and 
physical  geography,  his  teaching  has  reached  a  wider  circle. 

But  more  far-reaching  still  has  been  his  influence  amongst 
specialists.  The  zonal  and  graptolite  work  has  been  taken  up  by 
many  observers  in  similar  lines  of  research,  not  only  in  Britain, 
but  all  over  the  world,  in  Scandinavia,  Bohemia,  France,  Canada, 
and  the  United  States.  The  value  of  his  advice  and  assistance  has 
been  felt  again  and  again  by  scientific  investigators.  His  faculty 
for  picking  out  exceptional  facts,  the  patience  which  enables  him 
to  listen  to  a  long  and  detailed  account  of  a  research,  the  avidity 
with  which  he  seizes  on  those  points  which  fit  in  with  or  run 
counter  to  his  own  theories,  his  delight  in  each  bit  of  new  discovery, 
and,  above  all,  his  encouraging  sympathy  and  the  generous  manner 
in  which  he  gives  his  own  ideas  and  principles  in  the  hope  that  they 
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may  bear  fresh,  frait  in  new  soil,  all  make  him  an  ideal  confidant ; 
for  to  him  there  is  nothing  that  is  ''common  or  unclean,"  each  branch 
of  research  has  its  separate  valae,  and  he  has  the  faculty  of  giving 
those  who  consult  him  the  impression  that  their  work  forms  a  part 
of  some  greater  whole;  there  is  nothing  more  encouraging  to 
a  young  man  than  to  find  that  what  he  h^  perhaps  considered  an 
isolated  line  of  enquiry  is  really  linked  up  with  the  adTance  of 
science  as  a  whole. 

Although  it  comes  rather  under  the  head  of  administrative  than 
educative  work,  it  may  be  here  mentioned  that  Lapworth's  intense 
belief  in  the  practical  and  educational  value  of  geology  has  led  him 
to  advocate  the  teaching  of  the  economic  side  of  the  science,  not 
only  to  miners,  prospectors,  and  engineers,  but  to  those  engaged  in 
building,  surveying,  brewing,  and  sanitary  business,  and  of  the 
pure  science  to  those  who  are  never  likely  to  make  any  practical  use 
of  it  except  as  a  means  of  enlarging  their  knowledge  of  nature. 

Throughout  a  good  deal  of  friendly  antagonism  to  the  (Geological 
Survey  he  has  always  retained  the  personal  friendship  of  its  Officers 
and  strenuously  maintained  the  vital  importance  of  that  institution  to 
the  country ;  and  acting  recently  on  a  Departmental  Enquiry  into 
the  functions  and  work  of  the  Survey  he  has  taken  his  share  in 
remodelling  its  scope  and  administration. 

4.   Applied  Oeology. 

During  his  residence  in  Birmingham  Lapworth  has  been  frequently 
consulted  in  matters  relating  to  such  subjects  as  sites,  water,  and 
minerals.  In  this  way  he  has  had  means  of  acquiring  a  vast  amount 
of  information,  otherwise  inaccessible,  relating  to  the  structure  of  the 
Midland  coalfields  and  their  surrounding  areas.  Indeed,  it  may  be 
said  that  one  of  his  main  inducements  to  undertake  this  class  of 
work  has  been  in  order  to  enrich  his  knowledge  of  a  branch  of 
science  which  is  practically  untouched  by  the  learned  societies  and 
the  textbooks.  The  complicated  geology  of  the  Midlands,  a  rugged 
region  covered  unconformably  by  Coal-measures  and  in  most  places 
buried  up  unconformably  by  New  Red  Sandstone,  gives  rise  to 
a  series  of  difficult  problems,  each  of  which  must  be  the  subject  of 
a  special  investigation  involving  scientific  methods,  the  careful 
mapping  of  areas,  and  the  disentangling  of  the  involved  structure 
of  difficult  districts.  In  the  Midland  region,  at  least,  it  has  become 
abundantly  clear  that  the  most  complicated  questions  of  stratigraphy, 
vulcanicity,  and  palsBontology,  all  have  an  eventual,  if  not  an 
immediate,  application  to  the  economic  side  of  the  subject ;  and  that 
there  is  probably  no  problem  in  pure  geology  that  will  not  in  the  end 
have  its  bearing  on  applied  geology. 

In  conclusion,  one  would  like,  were  it  permitted,  to  say  a  word  of 
the  man  apart  from  the  geologist.  But,  after  all,  is  it  necessary  ? 
His  personality  is  so  well  known,  his  influence  so  wide,  his  geniality 
and  kindliness  of  heart  so  patent  to  his  friends,  that  it  is  quite 
needless  to  refer  to  them ;  and  his  enemies  have  yet  to  be  discovered. 
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Opponents  and  antagonists  there  have  been  in  plenty,  bat  it  is  in 
their  ranks  that  we  find  many  of  those  who  respect  Lapworth  most, 
whilst  not  a  few  of  them  have  become  his  warmest  friends. 
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II. — A  Ststehatio  Nohknolatube  fob  Igneous  Books. 

By  H.  Stanley  Jbyons,  M.A.,  P.G.S., 
Assistant  Demonstrator  in  Petrology  in  the  Woodwardian  Mnseom,  Cambridge. 

I.  Ihtboduotoby. 

THE  present  nomenolataTe  of  igneous  rooks  is  generally  ac- 
knowledged to  be  unsatisfactory,  for  not  only  is  it  withoat 
useful  meaning,  but  it  is  also  so  unsystematic  that  it  forms  a  severe 
tax  upon  the  memory.  The  manifest  and  urgent  need  of  reform, 
which  these  circumstances  create,  must  be  my  excuse  for  presenting 
in  a  short  note  a  suggestion  likely  to  require  much  elaboration. 
A  systematic  nomenclature,  I  need  hardly  say,  can  only  rest  upon 
a  systematic  classification,  so  that  the  proposals  I  shall  herewith 
make  would  have  been  fitly  acoompanied  by  an  attempt  at  producing 
a  classification  of  the  kind.  As  I  have  found,  however,  that  much 
expenditure  of  time  and  labour  will  be  necessaiy  to  accomplish  this 
task,  I  have  decided  upon  publishing  at  once  certain  proposals  with 
regard  to  nomenclature,  which  could  be  largely  applied  to  classifi- 
cations at  present  in  use. 

It  has  long  been  the  custom  of  many  authors  to  name  subdivisions 
of  groups  by  prefixing  to  the  family -name  the  name  of  the  mineral 
which  distinguishes  the  subdivision.^  Thus  we  have,  for  instance, 
mweomte-graniteB,  biotiie-graniteB,  homblende-graniteBf  and  augiie- 
granites;  also  homblende-biotite'granites,  augite-biotite'graniies,  etc 
This  system  is  undoubtedly  a  step  in  the  right  direction,  because  the 
name  of  a  sub-group  is  thus  made  to  point  out  the  distinguishing 
feature  in  its  composition.  When  more  than  one  prefix  is  required, 
however,  such  names  become  too  cumbrous  for  general  use,  and  the 
practical  result  is  that  in  such  cases  a  new  name  is  invented, 
generally  signifying  nothing  but  the  locality  where  the  rock  was 
first  found,  or  the  name  of  its  discoverer,  llie  method  breaks  down, 
in  fact,  under  a  severe  test 

IL   Desobiption  of  Pbefixes. 

The  system  of  nomenclature  which  I  propose  is  based  upon  that 
just  described,  but  differs  from  it  in  that  the  prefixes  are  contracted. 
Several  can  be  used,  therefore,  before  a  name  tends  to  exceed 
a  reasonable  number  of  syllables  in  length.  Instead  of  hornblende- 
bioUte-granite,  for  instance,  I  should  say  hornbi-granitCf  pronouncing 
the  &t-Byllable  long,  as  in  '  biotite.' 

Other  advantages  have  been  secured  by  the  use  of  conventions  as 
to  the  arrangement  of  the  prefixes,  and  as  to  the  exact  meaning  of 
the  family-names.  The  order  of  the  prefixes  denotes  the  relative 
abundance  of  the  minerals,  that  of  the  most  abundant  standing  next 
to  the  family-name.  Thus  in  a  hombi-granite  biotite  preponderates 
over  hornblende,  whilst  in  a  bihom-granite  the  reverse  is  the  case. 

^  I  use  the  term/amt/y  throngbout  in  the  sense  in  wbich  it  is  nsed  by  Bosenboscb 
in  bis  <<Elemente  der  Gesteinslehre,''  that  is  to  say,  for  groups  like  the  granUetf 
diorite8f  etc. 
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If  objeotiofi  were  taken  to  making  the  relative  abandanoe  of  minerab 
a  factor  in  the  iiomenolature,  I  should  answer  that  I  believe  it  will 
prove  a  useful  step,  as  too  little  attention  has  hitherto  been  paid  to 
variations  in  the  relative  abundance  of  a  rook's  constituents,  aad 
there  exists  a  very  simple  method  of  determining  this  £EM)tor.^ 

Other  properties  besides  mineral  composition  are  occasionally 
made  use  of  as  bases  of  subdivision,  and  further  prefixes  will  be 
raquired  in  naming  the  groups  thus  formed.  When  the  subdivisions 
are  based  upon  $lrueture,  prefixes  may  be  obtained  by  contraotiBg 
the  names  of  the  various  structures.  For  example,  pUoiamtie  can 
be  ccmtraoted  to  piiaxo-,  inUnerial  to  tttserto*,  and  so  forth.  It  is 
dmost  exclusively  amongst  the  dyke-rocks  and  lavas  that  structure 
is  made  the  basis  of  subdivision,  and  names  would  be  produced 
such  as  mipegmo»rhyoUte  for  a  granophyrio  or  mioropegmatitio 
rhyolite,  or  hypidio-baBalt  for  a  basalt  with  hypidiomorphio-granular 
strueture. 

Besides  mineral  and  structure  prefixes,  others  denoting  some  fact 
in  the  chemical  composition  of  the  rock  as  a  whole  may  be  required. 
Thus  6a«-  or  6a«t«  would  mean  bane,  alu  would  signify  a&alku, 
and  so  on.  These  prefixes  should  generally  come  immediately  before 
the  family-name,  and  should  be  separated  from  it  by  a  hyphen 
when  they  are  used  to  name  subdivisions  of  the  principal  families. 
Thus  the  alkaline-syenite  family,  a  group  which  may  be  ranked 
as  of  equal  importance  with  the  normal  or  calc-alkaline  syenites, 
would  be  named  alUyemte ;  but  the  name  of  the  basic  subdivision 
of  the  diorite  family,  if  such  a  subdivision  were  made,  would  be 
written  ban-diorite  with  a  hyphen. 

III.   Indbx  Minbbals. 

The  use  of  a  £imily-name  must  evidently  in  every  case  imply 
the  presence  in  the  rock  to  which  it  is  applied  of  certain  essential 
minerals,  which  need  not  therefore  be  mentioned  in  the  prefix. 
These  I  term  the  index  minerals  of  a  family,  because,  being  common 
to  all  its  members,  they  serve  to  point  out  to  which  family  a  new 
specimen  belongs.  As  an  example,  I  may  take  the  family-name 
graniie.  Every  rook  so  named,  whether  there  be  a  prefix  or  not, 
must  contain  the  minerals  quartz  and  orthoclase  in  abundance,  and 
these,  therefore,  are  its  index  minerals.  Qranites  usually,  of  course, 
contain  other  minerals  besides,  and  some  or  all  of  them  may  be 
mentioned  in  the  prefix.  In  the  same  way  the  index  minends  of 
gabhro  are  obviously  plagiodase  and  monoclinic  pyroxene. 

It  is  very  important  that  accurate  definitions  of  the  index  minerals 
of  all  rook-families  should  be  provided ;  but  I  am  not  in  a  position 
to  supply  them  at  present  A  few  such  definitions  I  have  been 
successful  in  framing,  and  I  therefore  feel  confident  that  with 
sufficient  study  every  family  can  be  properly  defined. 

In  the  meantime,  before  this  work  is  completed,  the  want  of 
accurate  definitions  will    not  seriously  affect  the  application  of 

^  See  A.  Rosiwal :  Yerhandlungen  der  k.  k.  geol.  Eeichs-Anstalt,  1898,  p.  143. 
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the  sysiem  of  nomenolatiire  here  proposed.  Petrologists  of  any 
experienoe  know  more  or  less  aooarately  from  constant  use  the 
index  minerals  of  every  family,  and  ambignity  is  likely  to  arise 
only  in  the  oase  of  rooks  falling  near  the  boundary  between  two 
families. 

IV.  The  Prefixes  a-  and  mono-. 

The  recognition  of  index  minerals  and  the  formation  of  definitions 
would  be  of  little  use,  however,  if  the  fact  were  not  acknowledged 
that  rocks  exist  which  do  not  contain  the  index  minerals  of  any 
family,  and  so  cannot  be  classified  at  all  if  the  scheme  be  rigidly 
maintained.  So  far  as  I  know,  such  aberrant  forms  are  nearly 
always  BchHereny  products  of  differentiation  in  immediate  continuity 
with  and  passing  gradually  into  the  parent  mass;  and  they  are 
therefore  generally  classed  along  with  the  rock  of  their  parent  mass, 
from  which  they  differ  only  in  the  absence  of  one  of  the  index 
constituents.^  To  indicate  the  abnormality  of  their  composition  in 
their  names,  I  propose  to  place  in  the  prefix  the  name  of  the  absent 
index  mineral,  preceded  by  the  privative  a-.  This  combined  prefix 
should  stand  immediately  in  front  of  all  the  other  mineral  prefixes, 
separated  from  them  by  a  hyphen.  As  examples  of  names  thus 
pxx)duced  I  may  quote  apyr-gabbro  for  anorthoBtte,  which  is  essentially 
a  gabbro  without  the  pyroxoDC,  and  apyr-magne-peridoUte,  whidi 
denotes  certain  of  the  schlieren  which  sometimes  occur  in  masses 
of  gabbro  and  peridotite,  and  consist  of  magnetite  associated  with 
olivine  and  only  traces  of  other  minerals. 

The  difficulty  of  determining  whether  a  mineral  is  actually 
present  or  not,  when  it  is  suspected  in  small  quantities,  will  tend 
to  produce  confusion,  if  an  index  mineral  must  necessarily  be 
absolutely  wanting  before  it  can  be  declared  absent  in  the  name. 
For  all  practical  purposes  an  index  mineral  has  vanished  if  its 
proportion  be  less  than  5  per  cent  by  weight  of  the  whole  rock, 
and  I  therefore  propose  this  amount  as  the  limit,  falling  below  which 
the  rock  either  passes  into  another  family  or  requires  the  missing 
index  mineral  placed  in  the  prefix  with  the  privative  a-. 

There  remains  yet  one  more  prefix  whose  use  I  have  found 
indispensable,  namely  mono-  or  mon-t  meaning  ofdy.  It  is  of  use 
chiefly  in  the  case  of  sub-groups  which  are  distinguished  from  others 
of  the  same  family  by  the  ab$enee  of  minerals,  rather  than  their 
presence.  For  instance,  a  rock  which  consists  of  nothing  but  the 
index  minerals  of  some  family  can  only  be  distinguished  from  other 
members  of  the  same  family  by  the  absence  of  the  minerals  which 
characterise  them.  This  want  of  additional  minerals  may  be 
expressed  by  using  mono-  as  the  sole  prefix  in  naming  a  rock. 
Thus  a  mono'gabbro  is  a  rock  consisting  solely  of  an  intermediate 
or  basic  plagioclase  and  a  monoclinic  pyroxene,  the  index  minerals 

^  The  word  aehliere  is  here  used  in  the  sense  defined  by  Rosenbuscb  C  Elemente 
der  Gesteinslehre,"  1898,  p.  41),  Reyer  (*«  Theoretische  Geologie,"  p.  81),  and  Zirkel 
('*  Petrograpbie/'  1893,  i,  p.  787).  It  bas  been  introduced  into  tbe  JBnglisb  language 
by  Holland  (*<Tbe  Cbamockite  Series  " :  Mem.  Oeol.  Sunr.  India,  rol.  xxriii,  p.  217). 
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of  the  gabbro  family,  no  aooount  being  taken  of  the  usual  accessories. 
Beference  to  the  table  (No.  lY)  on  p.  312  will  show  that  this  prefix 
occurs  again  in  the  descriptive  name  for  umipteMte,  namely  monamph- 
'olisyenite.  It  is  used  here  because,  whilst  in  certain  members  of  the 
£&mily  an  amphibole  is  the  most  abundltnt  ferromagnesian  mineral, 
in  umptehite  it  is  the  only  one,  and  to  avoid  all  risk  of  confusion  it  is 
well  to  state  that  fact  in  the  name.  The  use  of  this  prefix  is  really 
simply  a  means  of  avoiding  the  use  of  the  same  name  in  both  an 
-extended  and  restricted  sense  at  once. 

y.   Obdbb  of  Pbbfixbs. 

The  order  in  which  prefixes  of  di£ferent  kinds  are  placed  when 
required  in  the  same  name  is  an  important  matter.  The  rule  which 
I  propose  is  that  a  prefix  used  to  name  a  major  subdivision  be 
■always  placed  nearer  to  the  family  name  than  a  prefix  used  for 
a  minor  subdivision.  For  instance,  supposing  that  the  subdivisions 
of  the  dolerite  family,  founded  on  mineral  composition  in  the 
ordinary  way,  were  themselves  subdivided  according  to  structure, 
then  the  structure  prefix  would  always  precede  the  mineral  prefix 
in  the  name  of  each  of  the  ultimate  subdivisions,  producing  such 
names  as  ophit»oli'dolerite,  hypidio-hom-dolerite,  etc.  When  on  the 
other  hand  the  first  subdivision  is  on  the  basis  of  structure,  as  in 
the  rhyolites,  the  order  must  be  reversed,  producing  such  names  as 
diopsi'tnipegmo-rhyolite,  hi-perlo-rhyolite,  etc.  This  rule  is  obviously 
the  most  convenient,  for  it  leaves  the  name  of  a  major  subdivision 
intact  in  the  names  of  the  minor  subdivisions  which  it  contains, 
so  that  a  single  glance  shows  to  which  major  subdivision  any  minor 
subdivision  belongs.  It  must  not  be  supposed  that  this  double 
subdivision  and  the  cumbrous  names  it  produces  will  be  frequently 
employed.  It  is  probable,  however,  that  as  the  study  of  igneous 
rocks  progresses,  subdivision  will  be  carried  further  and  further; 
and  it  is  therefore  well  to  be  prepared  beforehand  with  a  method 
for  naming  sub-groups  of  future  origin  in  any  system  of  nomen- 
clature which  we  adopt  to-day. 

It  will  have  been  observed  that  hyphens  are  always  placed 
between  prefixes  of  di£ferent  kinds,  and  between  a  prefix  and  the 
family-name,  in  order  to  facilitate  reading  the  compound  name. 
They  are  not  required  to  separate  prefixes  of  the  same  kind,  as  for 
instance  when  a  series  of  mineral  prefixes  follow  one  another,  nor 
should  they  be  inserted  within  family-  or  subfamily-names. 

YI.  Lists  of  Contbaotions. 

The  various  kinds  of  prefixes  have  now  been  fully  discussed. 
For  the  sake  of  uniformity,  in  case  others  should  wish  to  use  this 
system,  I  proceed  to  display  in  full  all  the  contractions  which 
appear  likely  to  be  necessary.  The  first  list,  containing  the 
contractions  of  mineral  names,  includes,  I  believe,  all  that  are 
likely  to  be  required.  It  will  be  noticed  that  different  forms  are 
generally  needed  according  to  whether  the  next  syllable  begins  with 
ti  vowel  or  a  consonant. 
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Table  L  List  of  Contractions  for  the  Names  of  Minerals, 


Bbvobb  ▲ 

BlFOBB  ▲ 

BlFOBB  ▲ 

Bbfobb  a 

MnmuL 

CoxraoNAMT 

Vowel 

MlNlBAL 

GoXf  SONANT 

VOWBL 

Actinolite 

Actino- 

Actin-- 

Hornblende  Honi- 

HOTn- 

SST 

^: 

&• 

Hyperstbene  Hyper- 
Labradorite  Labra- 

ST" 

Amphibole 
Andenne 

Amphi- 
Anald- 
Ande- 

Amph- 

Anal- 

Andee- 

Lencite 

Mi^netite 

MeUnite 

Leu- 

Magne- 

Mebno- 

Leoc- 
l^bn- 

Anortiute 

Anorthi- 

Anorthi- 

MeliUte 

MeUi- 

Mel- 

Anorthodase  Anorthodase-Aiiorthoolas- 

Mioa 

Mica- 

Mica- 

AnthophylliteAntho. 

Anthy- 

Microcline 

Microcline- 

Microcline- 

Apatite 

Apa- 

Ap- 

(Ortho-) 

(Orth.) 

AifT«dao]iito 

Ame- 

Azfred- 

MuMoyito 

MUBC- 

Mnflc- 

BailLeYicito 

Anri- 
B^e- 

B^". 

Nepbeline 
Noeean 

Nepb- 
Noee. 

Nepb- 
Noi- 

Basalt  Horn 
blende 

-Bashom- 

Bashom- 

OUgoclaae 
Olivine 

Oligo- 

Olig. 

OUT- 

Biotite 

Bi- 

Bi. 

Orthodase 

Ortho- 

Ortb- 

Broxudte 

Bronzi- 

Bionz- 

Pyroxene 

Pyro- 

Pyr- 

Bytownite 

Byto- 

Byt- 

Quartz 

Qnartz- 

Quartz- 

Gancrmite 

Cancri- 

Gan- 

Biebeckite 

Biebe- 

Bieb- 

Gonmdiim 

Goron- 

Gonmd- 

SodaUte 

SodaU- 

Sodal- 

Diallage 
Biopode 

Bial- 
Diopri- 

Dial- 
Diop- 
Enst- 

Sphene 
titanito 

Spbeni- 
'Rta- 

Spbeo- 
Titan- 

Enstatite 

Ensta- 

Topaz 

Topa- 

Topaz- 

Felspar 

Fels- 

FelB- 

Tourmaline 

Tourma- 

Tonrm- 

Garnet 

Garaet- 

Garnet- 

Tremolite 

Tremo- 

Tiem- 

Haiiyne 

Han- 

Haa- 

Zircon 

Ziroon- 

Zirc- 

The  names  of  straoturee  do  not  admit  of  oontraction  qaite  so 
readily  as  those  of  minerals,  bat  it  is  only  in  very  few  oases  that  the 
name  oannot  be  reduoed  to  three  syllables.  The  list  of  contraotions 
given  below  (Table  II)  is  almost  oomplete,  but  for  some  words  suoh 
as  hypocrystatHne-porphyritie  and  gUmeroporphyritic,  besides  granular, 
granuUtic,  eto.,  unambigaons  contractions  do  not  exist.  It  may 
become  necessary,  in  some  cases,  to  adopt  new  names  for  sa<^ 
structures,  though  I  hesitate  to  go  so  far  at  present  Suggestiona 
from  any  quarter  will,  however,  be  gratefully  received  and  con- 
sidered. In  the  case  of  names  for  which  contraotions  cannot  be 
invented,  and  which  are  therefore  omitted  from  the  following  list,  it 
will  probably  be  best  for  the  present  to  use  the  whole  name  without 
contraction. 

The  contractions  are  given  in  the  form  which  should  be  used 
when  the  next  syllable  begins  with  a  consonant.  When  followed 
by  a  vowel  the  final  -o  should  in  most  cases  be  dropped.  The 
pronunciation  remains  unaltered  in  contractions  which  are  formed 
by  the  omission  of  a  syllable  from  the  centre  of  the  word.  Thus,  for 
instance,  the  mt-  in  misphero-  is  pronounced  long  as  in  '  microscope ' 
or  *  microspherulitic,'  and  not  short  as  in  '  miss.' 

The  name  amygdaloidal  is  omitted  from  the  list  because  that 
structure  is  merely  a  secondary  derivative  of  the  vesicular  structure. 
As  it  is  generally  the  rule  in  naming  an  igneous  rock  to  imagine  it 
back  in  its  original  and   unaltered  condition,  the  two  structures 
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beoome  for  oar  purpose  essentially  the  same,  and  the  name  veeieular 
may  be  nsed  for  both. 

Table  IT.  List  of  Oontraetions  for  Naw^es  of  Structures. 
Name  CoNTRionoN  Namb  Contraction 


iUloftriomorphie-graniilar  Allotrio- 

Satazitic  Sntaxo- 

Felsophyric  (see  Microfelsitic)  Mifelso* 

Olassy  or  yitreovs  Yitri- 

HjalopOitie  Hyapilo- 

Hypidiomoiphio-granular  Hypidio- 

Inlenertal  InMito- 

ICarolitic  Ifiaro- 

lOerofelaitie  Mifelso- 
Ifieropeffiiiatitie  or  Granophyrie  Mipegmo- 

JfieroepKerolitie  Misphero* 

Ocellar  Ooello- 


Ophitic  Ophito- 

Panidiomorphic-grannlar  Panidio- 

Pilotazitic  Pitazo- 

PoBcilitic  PoDcilo- 

Porphvritic  Porpho- 

Spherolitic  Spbero- 

T^hytio  liracho- 

YarioUtic  Yarilo- 

Yesioalar  Yenoo* 

'^trophyric  (tee  Glassy)  Yitri- 


Tliere  remain  a  few  misoellaneons  oontraotions  whidi  are 
oooasionally  employed,  and  may  be  conyeniently  exhibited  in 
another  table.  The  prefixes  for  'rioh  in  soda*  and  'rich  in 
potash '  are  obtained  by  oontraoting  Uie  Qerman  words  Matron  and 
Mali,  rather  ihsax  the  English  words  soda  and  potash^  beoanse,  owing 
to  their  nse  for  symbols  in  ohemistry,  the  former  are  more  widely 
onderstood  in  England  than  are  the  latter  in  Oermany. 

Table  HI.  List  of  Miseellaneous  Contractions. 

BiFOKS  ▲  GoNSOiTAirT        Bbpobb  a  Yowbl  MiAKnro 

without  (priTattfe) 

rich  in  alkalies 

basic 

rich  in  lime 

rich  in  potash 

rieh  in  Bme  (Gennan) 

medium,  middle 

only 

much,  many 

rich  in  soda 

litUe,  lew 

Vn.  Familt-Nambs. 

For  the  sake  of  further  illustration,  I  have  prepared,  and 
teprodnoed  below,  a  table  showing  the  classifioation  of  the  Alkaline 
Series  of  plntonio  igneous  rooks,  whioh  gives  both  the  old  and  the 
new  names  (see  Table  lY,  p.  812).  The  Alkaline  Series  is  troubled 
with  a  particular  superabundance  of  names;  Probably  this  is 
beeanse  most  of  its  members  have  been  disoovered  in  recent  years, 
«inee  detailed  petrographioal  research  became  general,  and  its  families 
have  therefore  aotiudly  become  subdivided  to  a  far  greater  extent 
than  those  of  the  Calc-alkaline  Series,  although  the  latter  has  been 
fltndied  very  much  longer.  The  table  therefore  shows  that  a  great 
number  of  names  will  become  redundant,  if  a  systematic  nomen- 
clature be  adopted. 

Hitherto  nothing  has  been  said  respecting  the  names  of  families. 
This  is  because  coroi^ete  revolution  is  impossible,  and  existing 


a- 

an- 

aU. 

aU- 

basi- 

baa. 

cald- 

calo- 

kaU- 

kaH. 

kalko.        ... 

...       kalk- 

medio* 

...       medi- 

mono- 

mon- 

molti- 

mnlt- 

natro- 

natr- 

panei.        ... 

pawj. 
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names  must  be  accepted  to  a  great  extent,  howeyer  meaningless 
and  awkward  they  may  be.  There  is,  however,  one  family-name 
which  I  have  felt  the  necessity  of  altering,  as  reference  to  the  table 
will  show;  that  is,  the  name  nepheUne-  or  elaolite-syenite.  The 
name  was  probably  the  best  which  could  be  given  at  the  time  the 
family  was  established,  pointing  out  as  it  did  the  relation  which 
these  rocks  were  then  supposed  to  hold  to  a  well-known  group,  the 
Syenites.'  In  view  of  what  we  know  at  the  present  time,  however^ 
concerning  the  Alkaline  Series,  the  name  is  not  only  useless  but 
misleading.  In  no  essential  quality  does  the  so-called  nepheline- 
syenite  resemble  a  normal  syenite.  The  silica  percentage,  which 
ranges,  roughly  speaking,  from  60  to  60,  is  that  of  the  more  basio 
diorites  and  some  acid  gabbros,  rather  than  that  of  the  syenites. 
As  regards  mineral  composition  also,  the  two  are  absolutely  distinct. 
The  normal  syenite  consists  of  orthoclase  and  a  ferromagnesian 
mineral,  which  are  the  index  minerals  of  the  family,  together  with 
a  plagioclase  felspar  not  exceeding  the  orthoclase  in  amount,  and 
usually  a  small  quantity  of  quartz.  The  nepheline-syenite.  on  the 
other  hand,  contains  alkali-felspar  (either  potash  or  soda  pre- 
dominating) and  nepheline  as  index  minerals,  with  which  are 
associated  ferromagnesian  minerals  in  small  quantity  and  mostly 
of  an  alkaline  type,  and  frequently  sodalite,  leucite,  noseauy 
cancrinite,  eta,  without  plagioclase  or  quartz.  Hence  it  is  evident 
that  merely  removing  the  nepheline  from  a  nepheline-syenite  would 
not  make  it  into  an  ordinary  syenite,  and  the  name  has  therefore 
no  justification.  Since  the  family  is  a  member  of  the  Alkaline 
Series,  and  at  the  same  time  occupies  a  middle  place  in  the  range 
of  silica  percentage,  I  propose  to  substitute  for  nepheUne'Syenite 
the  descriptive  name  midalkalite.  This  is  compounded  of  'mid,^ 
the  abbreviated  form  of  *  middle,'  and  '  alkali,'  which  signifies  the 
series  to  which  the  family  belongs.  The  only  alternative  was  the 
form  medalkalite,  adopting  the  Latin  word  taedim  for  'middle.' 
The  word  sounds  strange  and  uncouth,  however,  to  English  ears, 
and  conveys  its  meaning  much  less  clearly  than  midalkalite ;  whilst 
the  latter  is  probably  equally  adaptable  to  French  and  German. 

Possibly  the  coining  of  a  new  name  upon  a  new  principle  demands 
some  apology.  It  may  be  suggested  that  the  better  course  would 
have  been  to  select  one  of  the  numerous  names  already  given  te 
various  members  of  the  nepheline-syenite  family,  and  to  extend  its 
meaning  to  embrace  the  whole  group.  Every  other  family-name 
has  arisen  in  that  way,  and  a  uniform  system  might  have  been 
preserved.  I  consider,  however,  that  there  are  very  strong  objectione 
to  any  such  extension  of  the  meaning  of  a  name ;  indeed,  I  hold  that 
an  extension  of  meaning  is  justifiable  only  when  the  addiHoncU  epeeiee 
taken  in  do  noi  aurpass,  either  in  the  wideness  of  their  difference  from 
one  anoiher  or  in  number,  ike  epecies  already  associated  with  the  name 
— the  word  species  being  here  used  merely  to  designate  any  small 

1  The  name  was  given  by  Eosenbiuoh  in  1877.  He  himself  anticipates  the 
objection  which  I  am  about  to  raise  (see  Mik.  Fhys.,  1877,  ii,  p.  204),  and 
proposes  that,  if  it  be  insisted  on,  the  name/oyot^^  should  be  adopted  instead. 
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group  possessing  well-reoognised  charaoteristics.  It  is  inevitable  that 
the  meaning  of  a  name  should  be  altered  from  time  to  time — some- 
times narrowed,  though  generally  extended ;  but  every  suoh  alteration 
must  be  gradual,  taking  plaoe  step  by  step.  The  reason  for  this  lies 
in  human  nature.  A  radical  alteration  in  the  meaning  of  a  name 
involves  suoh  a  revolution  of  ideas  and  habits  that  most  men  refuse 
to  accept  any  suoh  proposal ;  and  its  adoption  by  only  a  few  simply 
leads  to  endless  confusion.  On  the  other  hand,  a  slight  alteration  of 
meaning  requires  but  a  trifling  reo^ji^B^^i^^  of  ideas  and  habits; 
and,  therefore,  so  long  as  the  change  is  clearly  justified,  it  is  soon 
recognised  as  convenient  and  gradually  comes  into  use. 

V^ilst  these  objections  clearly  prevent  the  adoption  of  such 
names  as  Iv^awiie,  litekfieldite,  eta,  to  replace  nepheHne-syenite, 
there  is  one  name,  foyaite,  which  would  appear  at  first  sight  to 
escape  them.  It  has  been  suggested,  and  sometimes  used,  a^ 
a  synonym  for  nepheline'Syenitef  and  few  authors,  if  any,  now 
jestriot  its  meaning  solely  to  the  type  of  rock  originally  described 
by  Blum  under  that  name.  A  little  investigation  shows,  however, 
that  even  this  name  has  not  had  an  application  wide  enough  to 
allow  of  its  extension  over  the  whole  group  which  I  propose  to  call 
midalhalites.  Bosenbusch  uses  it  to  include  only  what  might  be 
called  the  normal  types  of  nepheline-syenite ;  those  which  are  poor 
in  coloured  constituents,  and  in  which  the  alkali  felspars  are  both 
abundant,  the  potash  felspar  predominating  over  the  soda  felspar, 
rather  than  the  reverse.  This  use  of  it  excludes  such  types  as 
Litchfieldite,  Laurdalito,  Lujaurite,  and  many  others,  but  includes 
Brogger's  and  Derby's  Foyaites.  At  the  same  time  it  appears 
probable  that  the  majority,  if  not  all,  of  those  authors  who  have 
used  foyaite  as  synonymous  with  nepheUne-Byenite,  have  had  in 
their  minds  only  those  normal  types  included  by  Bosenbusch  under 
that  name.  The  name  is  therefore  applied  to  a  definite  group  of 
rocks  closely  allied  to  one  another,  and  it  would  be  a  contravention 
of  the  principle  above  stated  to  apply  it  to  such  widely  differing 
rocks  as  laurdalite,  litchfieldiU,  horolanitef  leucite'Syenite,  and  aodaUU' 
Byenite.  It  will,  indeed,  be  found  convenient  to  retain  the  name 
foyaite  with  Bosenbusch's  meaning  as  marking  a  subfamily. 

The  only  course  left  me  was  to  coin  a  new  name.  A  descriptive 
name  seemed  likely  to  be  most  convenient,  and  I  therefore  chose 
midalhaUte,  The  fact  that  all  other  family -names  are  of  the 
non-descriptive  kind,  and  that  I  do  not  at  the  same  time  propose 
descriptive  names  to  replace  them,  is  no  valid  objection  to  the 
introduction  of  one  suoh  name.  If  this  one  prove  a  success,  others 
can  be  added  from  time  to  time  as  desired. 

Two  other  family-names  require  a  brief  notice.  Desiring  to 
reduce  the  number  of  existing  family-names  as  far  as  possible, 
I  have  followed  Bosenbusch  and  grouped  together  the  soda  and 
potash  rocks,  so  that  the  theralites  and  shonkinites  form  one  family, 
and  the  ij elites  and  missourites  another.  Instead  of  retaining  the 
double  name  for  each  family,  however,  as  he  does,  I  have  selected 
one  of  the  names  in  each  case  to  cover  both  the  soda  and  potash 
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roeks.  Oaided  by  the  principle  above  set  forth,  I  have  aeleoted  the 
name  of  the  soda  rooks  in  each  case,  becanse  they  are  far  more 
important,  both  in  nomber  and  yariety,  than  the  correspoiidtng 
potash  rocks.  The  family  of  TheraliteB  and  ShonJdnites  therefore 
becomes  the  family  of  TheraliteB,  and  the  family  of  IjoUtes  and 
llK$90urite8  becomes  the  ikmily  of  Ijolites.  The  name  ifolUe  is 
neither  convenient  nor  enphonions,  but  I  fear  there  ezisti  no 
alternative  which  could  be  adopted.  It  is  not  objectionable  enough 
to  warrant  the  proposal  of  a  new  name,  and  there  is  no  other  name 
in  the  family  whi(4i  has  sufficient  extension  to  allow  it  to  be  applied 
to  the  whole  family  in  accordance  with  the  above-mentioned  mle. 

The  chief  reason  for  combining  the  soda  and  potash  rocks  in  one 
fiimily  as  I  have  done,  is  that  if  they  were  separated  here,  amongst 
the  plntonic  alkaline  rocks,  the  same  muldplication  of  families 
ought  to  be  allowed  throughout  the  whole  igneous  series.  Instead 
of  about  thirty-five  families,  as  we  now  have,  we  should  then  have 
nearly  sixty,  each  with  a  name  to  be  remembered.  This  seems  to 
me  too  large  a  number,  in  the  present  state  of  our  science.  It  will 
be  observed,  however,  that  I  propose  still  to  keep  the  potash  and 
soda  rocks  separated,  making  them  subfamilies  instead  of  families, 
and  naming  them  accordingly.  The  thendites  and  shonkinites,  for 
instance,  become  respectively  natroiheralitea  and  haliiheraUtes. 

The  silica  percentages,  which  are  stated  for  each  family  in 
Table  IV,  are  intended  for  information  only.  They  show  roughly 
the  limits  of  silica  variation  in  each  family,  so  far  as  its  members 
have  been  analysed  and  the  results  have  been  accessible  to  me,  but 
they  must  not  be  considered  as  a  part  of  its  definition.  The  limits 
are  stated  in  whole  numbers  for  the  sake  of  clearness,  but  th^ 
should  be  read  so  that  the  limit  stands  0*5  per  cent,  on  the  outside 
of  the  figure  given.  A  range  of  67-57  per  cent,  for  example,  must 
be  read  as  67*5-56*5  per  cent  This  convention  is  necessaiy 
because  the  limiting  values  fall  more  frequently  on  the  half  unit 
than  the  unit. 

Table  IV.   Scheme  of  OlaMsifieaUon  of  tU  Plutonic  Divieion  of  the 
AUcaline  Serici  of  Igneous  Bocks. 

Family  I.— ALIGBAinTES.    («  Alkaligranites,  Bos.) 

Two  Indix  MnriaALS :  Qnartz ;  and  an  alktli-falflpar. 
Si  0,%  78-68. 

1.  Bi-aligranite  («■  Nordmarkite,  Bb5ogib,  fii|HiH). 

2.  Amph-aligranite  (indudes  Biebeckite-granite,  Saumb). 
8.  Pyr-aligranite. 

family  XL— ALISTBNITES.    (»  Alkalisyenites,  Bos.) 
Okb  Indsx  MmERAL :  An  alkali-felspar. 
8iO,%  67-67. 

1.  Pyrobiamph-alisyenite  (»  Pulaskite). 

2.  Biamph-alii^renite  (■•  Nordmarkite,  the  greater  part). 
8.  Monamph-alisyenite  (""Umptekite). 

4.  Bhomfels-pyr-alisyenite  (-iliaurvikite). 

5.  iSig-alisyenite  (>s  ^gyrine-syenite). 
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J'luiulyin.— MIBAIiKALITES.  (x-Nepheline-orElflM^ite-Byenites.) 

Two  Imbbz  MnrasALS :  An  alkali-MsDar ;  and  nepheline. 
8iO,%6(M8. 

1.  Pyr-midalkalite  (»  Foyaite,  Blum  ;  Pjroxene-foyaite, 

2.  Amphi*midalkalite  (=  Ampbibole-foyaite,  Rob.). 

8.  Bi-midalkalite  («  Mioa-foyaite,  Bos. ;  ineludeB  Miaacite; 
and  Ditroite), 

4.  Natro*midalkalite  («  Litohfieldite). 

5.  Bhomfels-pyr-midiJkalite  (»  Laordalite). 

6.  EudaBgi-midalkalite  (»  Lujaurite). 

7.  Leoci  •  midalkalite  {indudes  Leuoite- syenite  of  Magnet 

Cove,  ArJeaneoi). 

8.  Oanori-midalkalite  («  Canorinite-syenite). 

9.  Melano-midalkalite  {indudea  Borolanite ;  and  nepheline- 

syenites  of  Montreal  ana  Magnet 
Cove,  Arh  [Cove-type]). 
10.  Sodali-midalkalite  {indudes  Sodalite-syenite  q^  JuHane^ 

haah). 

JteBilj  IV.— ESSEXITB8. 

Thxxs  Imbbz  HnmALS :  Labndorite ;   augtte  or  diopada ; 

and  biotite  (or  an  alkaline  amphibole  or  pyroxene). 
SiO,%6<M8. 

1.  Maltifels-essexite   {indudee  Essexitea  of  Cabo  Frio; 

Jaeuipirangmnha;  Bongetoch;  and 
Dignaes). 

2.  Mediofels-essezite  {indndee  Esaexites  <jf  Salem,  Maee. ; 

and  Sdvtherg). 
8.  Paaoifels  -  essexite  (indndee  Esaexites    of  Arhaneae ; 
Montreal ;    Penikkavaarci,   near 
Kvueamo ;  and  Brandberg). 

JUnily  T.— THERAUTES.     (-  Theralites  and  Shonkinites.) 

Thbbi  Imdbz  MniB&ALs:  A  pyroxene;  febpar  (plagioolase 

or  orthodase} ;  and  nepheline,  or  sodalite,  or  leucite. 
8iOa%  60-40. 

SubCunay  A.— VATBOTHEBALITES. 

1.  Augi-natrotheralite  ^  («  Theralite,  sen.  str. ;  and  indudee 

vMst  of  the  Tesohenites). 

2.  iBgi-natrotheralite  (»  Natronsnssexite). 

8.  Barke-natrotheralite  (»  certain  Tesohenites). 

Satajhaiily  B.— KAUTHERALITBS. 

1.  Aagi-kalitheralite ^  (a  Shonkinite). 

2.  iBgaugi-kalitheralite  («■  Pyroxene-malignite). 
8.  Amphi-kalitheralite  (»  Amphibole-malignite). 
4.  Melano-kalitheralite  (»  Oarnet-malignite). 

^  The  a  of  natro-  and  of  kaU^  is  pronounced  long  as  in  '  state.*  The  i  of  kaU*  Is 
abort  as  in  *  pi^'  bnt  it  is  dropped  in  the  name  kal§olit4,  in  which  the  first  i  should 
be  praiMNmoad  long  as  in  '  wiiike.' 
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Family  VL— IJOLITES.     («  Ijolites  and  Misaonrites.) 

Two  Index  Minxbals  :  Pyroxene ;  and  nepheliney  or  sodalite, 

or  leudte. 
SiOj|%47-iO. 

SubfamUy  A.— VATBUOUTES. 

1.  Augi-natrijolite  ^  (include$  Ijolites  of  Imandra  See,  Kola 

Penin. ;  Elsdolite-Byenite  (Bidge- 
^pe)  of  Magnet  Cove ;  and 
Jaoupirangite). 

2.  ^gangi-natrijolite  (includes  Ijolites  of  Kuusamo ;  Kal' 

johihal ;  and  AlnO). 

3.  -ffigi-natrijolite  (=Urtite). 

4.  Aneph-sodali-natrijolite  (includes  Tawite ;  and  Sodalite- 

syenite  of  Square  BuUe,  Montana). 

8nb£uiul7  B.-KALU0LITE8.' 

(Includes  at  present  only  Missoorite.) 

Yin.  Ghangss  in  thb  Subdiyision  of  FAmuss. 

The  sabdivisioDS  of  the  families  contained  in  the  above  table  are 
in  almost  every  case  those  suggested  by  Bosenbasch  in  the  most 
reoent  editions  of  his  works,  but  I  have  not  adopted  them  without 
testing  their  validity  whenever  possible.'  The  aligranites  he  does 
not  subdivide,  but  as  I  see  no  reason  why  they  should  not  be  treated 
in  the  same  way  as  the  granites,  I  have  subdivided  the  family  on 
the  basis  of  its  coloured  minerals.  Amongst  the  midalkalites,  the 
subdivision  melano-midalkalile  is  new.  Bosenbusch  places  borolanite 
in  the  lenci-midalkalite  (leucite-syenite)  group;  but,  considering 
that  Home  and  Teall  distinctly  state  that  they  give  that  name  to 
a  rook  consisting  essentially  of  orthoclase  and  melanite,  and  that 
lenoite  only  occurs  in  parts  of  the  mass  which  they  describe,  I  think 
that  borolanite  and  rocks  of  that  composition  should  be  entitled  to 
rank  as  a  distinct  sub-group  in  the  great  midalkalite  family.  (}amet 
plays  an  important  role  as  an  original  constituent  in  many  basic 
rocks  of  the  alkaline  series ;  to  a  much  greater  extent  indeed  than  is 
generally  recognised. 

The  two  rodcs  urtite  and  tawite  are  removed  from  the  midalkalite 
(nepheline  -  syenite)  family,  with  which  they  are  classed  by 
Bosenbusch,  presumably  because  of  their  association.  They  will 
be  found  in  the  family  to  which  their  mineral  composition  assigns 
them,  that  is  to  say,  the  Ijolites. 

The  principal  difficulty  which  I  enerienced  in  naming  sub- 
divisions was  the  frequent  want  of  definite  information  as  to  the 
relative  proportions  of  the  constituents  of  a  rock.  Manv  descriptiona 
even  of  recent  date  fail  in  this  respect,  and  it  would  be  well  if  all 
petrologists  realized,  as  a  few  already  do,  that  a  mere  statement  of 
the  minerals  found  in  a  rock  is  not  a  complete  description  of  it.    On 

^  See  footnote  on  preceding  page. 

>  See  <*  Elemente  der  Geeteuutohie,"  1898,  and  Mikr.  Phys.,  1896,  toL  ii. 
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the  oontraiy,  it  is  the  relative  proportioDS  of  the  constitaents  which 
eBtablishes  the  identity  of  the  rock.  For  instance,  a  kalitheralite 
(e.g.  malignite)  may  contain  the  same  minerals  as  an  alisyenite. 
The  former  may  contain  25  per  cent,  orthoclase,  25  per  cent 
nepheline,  and  50  per  cent  of  ferromagnesian  minerals,  and  the 
latter  90  per  cent  orthoclase,  5  per  cent  nepheline,  and  but 
6  per  cent  of  ferromagnesian  minerals.  They  may  be  composed 
of  exactly  the  same  minerals,  and  yet  in  such  different  proportions 
that  they  belong  to  widely  separated  families. 

Another  example  will  show  how  unsatisfactory  is  this  practice  of 
merely  giving  a  qualitative  description  of  a  rock.  I  have,  of  late,. 
frequently  had  to  read  descriptions  of  rocks  in  order  to  determine 
to  which  subdivision  of  a  family  they  should  be  consigned  in  cases 
where  the  subdivisions  are  distinguished  by  the  most  abundant  ferro- 
magnesian mineral.  In  one  description,  after  two  or  three  pages  had 
been  devoted  to  an  amphibole  and  two  pyroxenes  which  the  rock 
contained,  it  was  just  mentioned  at  the  end  that  the  rock  contained 
biotite.  The  impression  given  was  that  the  amphibole  and  pyroxenes 
were  the  important  ferromagnesian  minerals,  whilst  biotite  was  quite 
subordinate  in  quantity.  On  examining  a  slice  of  the  rock,  however, 
I  saw  at  a  glance  that  the  biotite  was  far  more  abundant  than  both 
the  amphiboles  and  pyroxenes  taken  together,  and  that  it  had  received 
so  little  attention  merely  because  it  presented  no  point  of  special 
interest  Now  that  an  easy  method  of  determining  the  relative 
proportions  of  constituents  is  known,  namely,  that  of  Bosiwal  already 
referred  to  (see  footnote,  p.  305),  it  is  to  be  hoped  that  there  will  be 
speedy  reform  in  this  matter. 

Although  I  believe  that  the  names  given  to  the  rocks  in  the 
above  table  generally  represent  their  composition  correctly,  I  cannot 
vouch  for  the  fact  Owing  to  the  vagueness  of  many  descriptions 
in  the  above-mentioned  respect,  and  because  I  have  not  thought  ii 
worth  while  merely  for  the  purpose  of  illustration  in  a  preliminary 
notice  to  spend  much  time  in  consulting  literature  not  to  be  obtained 
in  Cambridge,  it  may  be  that  a  few  of  my  names  will  bear  correction. 
That  cannot,  however,  affect  the  value  of  the  system  of  nomenclature 
itself;  and  I  trust  that  authors  who  are  acquainted  with  any  rocks 
which  I  may  have  misnamed  will  be  so  kind  as  to  set  me  right 

IX.  Thb  .Naming  of  Newly  Disoovsbed  Books. 

In  conclusion,  I  may  perhaps  offer  some  suggestions  as  to  how 
newly  discovered  rock-species  should  be  named  in  the  future.  The 
first  step  in  identifying  a  rock  is  to  determine  its  essential  con- 
stituents, that  is  to  say,  those  which  make  up  more  than  5  per 
cent  by  weight  of  the  whole  rock.  According  to  their  nature, 
whether  they  are  of  the  alkaline  type  or  not,  the  rock  is  first 
assigned  either  to  the  Alkaline  or  the  Calc-alkaUne  Series.  Amongst 
the  essential  constituents  it  will  next  usually  be  possible  to  find 
two  or  three  which  coincide  with  the  index  minerals  of  some 
particular  family,  and  the  rock  can  then  be  forthwith  placed  in 
that  family.     Should  the  essential  constituents  include  the  index 
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minerals  of  more  than  one  family^  which  will  rarely  be  the  case, 
the  rule  is  to  ohooee  those  which  are  most  abandant  The  famllr* 
name  being  thus  obtained,  obsenre  next  upon  what  basis  the  family 
is  subdivided,  whether  it  is  by  the  nature  of  the  ferromagnesian 
mineral,  by  the  kind  or  quantity  of  felspar  present,  or  by  some 
other  property.  All  the  constituents  of  liie  rook,  essential  and 
aooessory,  being  now  considered,  it  will  be  easy  to  assign  the  rock 
to  its  right  subdiyision,  supposing  one  already  exists.  If,  oa  the 
other  hand,  the  rock  is  a  new  type  and  no  place  awaits  it,  a  new 
subdiTision  can  be  created  and  named  in  aooordanoe  with  the 
general  system. 

The  only  rocks  which  it  will  be  found  difficult  to  name  are  tlioee 
which  do  not  contain  the  index  minerals  of  cmy  family.  In  such 
oases  the  association  of  the  rook  is  the  first  point  to  be  considered. 
If  any  such  rook  clearly  forms  part  of  an  igneous  mass  which  can  be 
readily  assigned  to  a  family,  let  the  doubtful  rock  also  be  assigned 
to  the  same  family,  and  give  it  a  name  in  which  the  missing  index 
mineral  is  preceded  by  the  privative  a-.  If,  however,  besides  being 
ontirely  new,  the  rode  does  not  appear  to  be  associated  with  any 
known  type,  it  becomes  a  question  whether  a  new  fomily  shouM 
be  established.  This  course  must  be  adopted  only  when  there  is 
really  no  other  way  of  naming  the  rock,  and  the  family  name 
selected  should  be,  as  far  as  possible,  descriptive  of  the  rock's 
peculiarity  in  mineral  or  chemical  composition. 

I  cannot  end  without  expressing  my  gratitude  to  Prof.  Bonney, 
my  first  master,  for  the  interest  with  whi(£  he  has  followed  my  work 
upon  classification  and  nomenclature  and  for  the  many  suggestions 
which  be  has  freely  offered.  To  Prof.  Bosenbusch  also  I  am  deeply 
indebted  for  the  kindly  instruction  received  at  Heidelberg,  whi<A 
has  opened  ray  eyes  and  smoothed  my  path  in  many  ways,  but  more 
ospecially  in  this  research. 


III. — Notes  on  thb  TouaMALiNx  of  the  White  Obanite  of 
Mbldon,  Dabtmoob. 

By  Lieutenant-General  G.  A.  McMahon,  F.B.8. 

rilHIS  << remarkable  variety  of  granite*'  was  briefly  described  I7 
1  Mr.  J.  J.  Harris  Teall,  F.B.S.,  in  his  "  British  Petrography  ** 
(1888),  p.  816,  and  an  interesting  account  was  given  in  a  footnote 
-of  the  process  by  which  the  autlK>r  was  able  to  identify  the  iopax 
found  in  the  rock. 

In  a  paper  on  Dartmoor  published  in  1898  (Q.J.G.S.,  vol.  xlix» 
p.  385),  I  described  in  some  detail  the  mode  of  occurrence  of  this 
intrusive  rock  and  some  of  its  characteristics ;  and  in  the  following 
jear  (Q.J.G.S.,  vol.  l,  p.  838)  I  noted  the  oocurraice  of  a  second 
outcrop  on  the  fiank  of  South  Down. 

None  of  the  above  references  to  the  white  granite  of  Meldoa 
oontain  a  description  of  the  tourmaline  found  in  it,  and  as  this 
mineral  presents  some  unusual  features  a  few  remarirs  on  it  may 
interest  students  of  petrology. 
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White  tourmaline  (acbroite)  has  not  yet,  so  far  as  I  am  aware, 
been  found  in  the  British  Islands,  but  the  tourmaline  of  the  Meldon 
granite  approximates  to  colourless  tourmaline  sufficiently  closely  to 
render  it  probable  that  if  the  attention  of  mineralogists  is  drawn  to 
the  subject  true  achroite  may  yet  be  detected  in  British  rocks. 

The  following  remarks  are  based  on  the  study  of  a  good  suite 
of  thin  slices  made  from  hand  specimens  collected  by  me,  and  of 
numerous  fragments  of  tourmaline  separated  from  these  specimens 
with  the  aid  of  a  heavy  solution.  When  I  was  at  Meldon  the 
granite  was  being  quarried,  and  I  was  able  to  get  unweathered 
samples. 

Fragments  of  tourmaline  examined  with  a  powerful  pocket  lene 
are  seen  to  be  in  part  colourless  and  in  part  of  pale-brown  colour. 

Under  the  microscope,  when  examined  with  the  aid  of  transmitted 
light,  the  tourmaline  in  thin  slices  (as  thin  as  those  "made  in 
Ghdrmany"  for  instance)  is  absolutely  colourless  and  devoid  of 
dichroism.  It  is  consequently  difficult  to  distinguish  from  the  topaz 
with  which  it  is  associated.  This  difficulty  is  increased  by  the  fact 
that  both  minerals,  as  seen  in  thin  slices  of  the  Meldon  rock,  closely 
resemble  each  other  in  habit  Both  are  allotriomorphic  and  occur 
in  irregular  shaped  grains.  The  tourmaline  rarely  presents  itself  in 
prismatic  form,  whilst  the  cleavage,  usually  so  characteristic  of  topaz, 
is  rarely  to  be  seen  in  the  topaz  of  the  Meldon  granite.  As,  moreover, 
the  refraction  of  both  minerals  is  higher  than  that  of  Canada  balsam, 
and  of  the  felspar  and  quartz  with  which  they  come  in  contact, 
the  difiference  in  the  refraction  of  topaz,  as  compared  with  that  of 
tourmaline,  does  not  help  one  to  discriminate  between  them. 

The  positive  character  of  the  double  refraction  of  topaz  could  not 
be  made  out  in  any  of  my  slices,  as  no  bisectrix  could  be  seen  in 
converging  polarized  light  The  axial  angle  in  topaz  from  different 
localities  varies  very  much,  and  it  is  probably  large  in  the  variety 
found  in  the  Meldon  granite. 

The  rock  under  consideration  affords  an  illustration  of  the  help 
that  may  sometimes  be  afforded  by  our  much  abused  thick  slices 
of  English  manufacture.  In  such  slices  the  Meldon  tourmaline 
presents  a  somewhat  more  normal  appearance.  Even  in  thickish 
slices,  however,  the  mineral  is  sometimes  colourless  in  whole  or  in 
part,  but  more  often  a  reddish  or  reddish-brown  streak  or  patch  is 
to  be  seen  in  the  otherwise  colourless  grains  which  exhibits  the 
characteristic  dichroism  of  tourmaline. 

The  appearance  of  these  coloured  stripes  and  patches  suggests 
to  me  the  possibility  that  the  colour  may  be  due  to  the  alteration  of 
an  originally  colourless  tourmaline ;  namely,  to  the  oxidation  of  the 
iron  contained  in  the  mineral.  Iron  is  not  an  essential  constituent 
in  this  complex  silicate,  and  my  previous  studies  have  familiarized 
me  with  the  idea  that  iron  may  be  removed,  or  oxidized,  without 
breaking  up  the  fundamental  silicate  of  which  it  is  more  or  less 
a  casual  unessential  member. 

The  tourmaline  in  the  Meldon  granite  very  rarely  exhibits 
prismatic  outlines  in  thin  slices,  but  in  the  isolated  fragments  both 


Digitized  by  VjOOQ IC 


318     Lieut' Gen.  McMahon — Taurnialine  of  White  Oranite. 

this  mineral  and  the  topaz  show  a  slightly  inereased  tendency  to 
do  so.  The  toarmaline,  however,  even  in  thin  slices,  is  frequently 
elongated  in  the  direction  of  the  vertical  axis  {&)  ;  and  as  Uie 
greatest  absorption  takes  place  at  right  angles,  and  compensation 
with  the  qoartz  wedge  occurs  parallel  to  this  direction  (viz.  to  c'), 
a  ready  and  sure  means  of  identifying  the  mineral  exists  in  such 


When  this  observation  can  be  made  one  cannot  remain  in  doubt 
as  to  which  is  tourmaline  and  which  is  topaz,  as  the  latter  is  not 
dichroic  in  thin  slices,  and  compensation  with  the  quartz  wedge, 
in  the  case  of  topaz  takes  place  at  right  angles  to  c\  and  in  the  case 
of  tourmaline  parallel  to  c'. 

When  dichroism  is  apparent  in  the  Meldon  tourmaline  the  change 
is  from  colourless  (e)  to  a  yellowish  or  reddish-brown  (o). 

In  cases  where  the  above-mentioned  observation  cannot  be  made, 
namely,  when  dichroism  is  absent,  I  have  found  the  following 
methods  very  useful.^ 

I  have  often,  when  examining  the  topaz  in  my  slides,  been  able 
to  obtain  in  converging  polarized  light  the  interference  figure  of  aa 
optic  axis,  namely,  a  single  bar,  or  a  bar  bisecting  the  first  ring  of 
the  interference  figure,  which  remained  without  change  of  character 
during  a  revolution  of  the  crossed  nicols  through  360^.  When  this 
interference  figure  is  obtained  it  shows  clearly  that  the  mineral  is 
a  biaxial  one,  and  consequently  that  it  is  topaz  and  not  tourmaline. 
Axial  sections  of  the  latter  mineral,  on  the  other  hand,  may  be 
obtained  in  my  thin  slices,  which  in  converging  polarized  light 
yield  a  negative  uniaxial  cross  which  does  not  open  out  on  revolving 
the  nicols.  Sometimes  when  the  section  has  not  been  cut  quite 
normal  to  the  vertical  axis  of  the  crystal,  only  two  of  the  lurms 
of  the  cross  can  be  seen,  and  sometimes  their  point  of  junction 
is  outside  the  field.  In  such  cases,  with  one  of  Swift's  improved 
one-sixth  objectives,  I  can  generally  get  the  two  arras  just  on  or 
just  outside  the  edge  of  the  field,  and  can  make  sure  that  the  arms 
are  those  of  an  uniaxial  mineral.  In  cases  of  doubt  I  am  able  to 
confirm  this  observation  by  inserting  the  one- fourth  undulation  mica 
plate,  when  the  double  refraction  of  tourmaline  being  negative, 
one  dot  (only  half  of  the  cross  being  yisible)  appears  in  a  line  vnth 
the  axis  of  the  mica  plate  and  well  within  view. 

Observation  of  the  strength  of  the  double  refraction  also  affords, 
in  some  cases,  a  method  of  distinguishing  between  the  two  minerals. 
The  birefringence  of  topaz  does  not  exceed  0010,  whilst  that  of 
tourmaline  is  0*020.  The  colour  of  the  former  mineral,  as  seen 
in  thin  slices,  does  not  rise  above  the  indigo-blue  of  the  second 
order  of  Newton's  scale,  and  very  often  falls  below  that.  On  the 
other  hand,  the  colour  shown  by  the  tourmaline  in  my  sections 
frequently  rises  to  the  indigo-blue  of  the  third  order. 

Lastly,  the  character  of  the  metamorphism  effected  by  aqueous 
itgents  affords  a  useful  test.     Tourmaline  alters  to  steatite,  mica, 

^  I  confine  myself  to  optical  tests  and  those  which  can  be  applied  to  thin  slices. 
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Mariie,  and  eookeiU;^  whilst  topaz  changes  to  steatite,  mica,  and 
haoUn, 

In  my  Meldon  specimens  the  green  tint  seen  in  some  of  the 
ionrmaline  is  probably  due  to  the  birth  of  ultra-microscopic  particles 
of  chlorite  in  the  originally  colourless  crystals.  The  topaz,  on  the 
other  hand,  sometimes  exhibits  partial  kaolinization,  and  when  it 
does  so  it  is  clear  that  the  mineral  is  topaz  and  not  tourmaline. 

On  the  whole,  I  think  it  probable  that  the  somewhat  partial  and 
patchy  colour  seen  in  the  Meldon  touriualine  is  due  to  the  post- 
genital  alteration  of  an  originally  colourless  variety  of  this  mineraL 
I  do  not  think  the  faint  colour  now  visible  is  due  to  the  bleaching 
of  an  originally  dark-coloured  tourmaline.  An  operation  of  this 
kind  would  imply  the  bleaching  of  the  whole  of  the  white  granite 
itself,  which  I  do  not  think  probable.  Moreover,  it  would  involve 
ohemical  action  to  an  extent  that  must  have  left  very  powerful 
marks  on  the  felspars  and  other  susceptible  minerals  contained  in 
the  rock,  that  could  not  remain  unobserved. 


IV. — An  Abnormal  Skotion  of  Chlobitio  Mabl  at  Mupb  Bat, 

DOBSET. 
By  A.  Stkahan,  M.A.,  F.G.S. 

IN  "The  Geology  of  the  Isle  of  Purbeck  and  Weymouth"  (p.  162) 
I  referred  to  some  green  sand  which  occurs  next  below  the 
Chalk  in  Mupe  Bay,  Dorset,  as  somewhat  resembling  Chloritic 
Marl,  but  as  being  too  thick  for  that  bed.  As  it  was  followed  by 
the  Gault,  I  concluded  that  it  belonged  to  the  Upper  Oreensand. 
The  section  was  subsequently  visited  by  Mr.  W.  Hill,  who  collected 
from  the  sand  in  question  HolasUr  suhglohosus,  var.  alius,  and 
Echinoconus  cutanea  among  other  fossils,  and  inferred  that  it  was 
Chloritic  Marl.  He  considered  that  though  it  passed  up  insensibly 
into  the  Chalk  it  was  faulted  against  the  Gault,  but  that  there  had 
been  also  considerable  contemporaneous  erosion  of  the  Upper  Green- 
sand.  In  April  of  this  year  I  revisited  the  section  in  company  with 
Mr.  Hill,  and  was  fully  satisfied  as  to  the  correctness  of  his  views. 
The  following  account  has  been  drawn  up  from  our  observations : — 

The  Lower  Chalk  becomes  extremely  impure  in  its  lower  part, 
and  contains  much  glauconite ;  it  thus  graduates  insensibly  down- 
wards into  a  gritty  glauconitic  sand.  The  sand  contains  a  few 
phosphatic  casts,  more  or  less  worn  or  corroded,  scattered  throughout 
it,  but  has  a  well-marked  nodule-bed  crowded  with  these  casts  at 
its  base ;  other  fossils  with  the  shell  preserved  and  not  filled  in  with 
phosphate  occur  also  throughout  the  whole  bed. 

Below  the  sand  comes  a  sandy  glauconitic  clay,  forming  part  of 
the  Ghtnlt,  but  the  fact  that  the  separation  is  sharp,  and  that  the 
chert-beds  of  the  Upper  Greensand  and  the  passage-beds  down 
into  the  Gault  are  absent,  proves  that  the  two  are  faulted  together, 
although  the  fault-plane  is  parallel  to  the  highly  inclined  bedding. 

^  See  Dana's  textbook,  last  edition. 
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The  thioknesB  of  eand  between  the  iaalt  and  what  may  be  takan  aa 
the  base  of  the  Chalk  amounts  to  15  feet 

The  following  list  of  fossils  inoludes  those  collected  in  AprO,  1901, 
and  those  obtained  previously  by  Mr.  Hill.  They  prove  Uiat  th^ 
whole  of  the  sand  should  be  referred  to  the  CMoritic  HarL  The 
identifications  are  by  Mr.  E.  T.  Newton. 

CHLOKITIC   MAEL,  MUPE   BAY. 

SOATTERID  THBOYTOH  THB  BbD. 

TerehroMa  aqtumota,  Mant.  HoUuUr  wbgMota,  yar.  oftwt,  Ag. 

OidarU  Boioerbanki,  Forbes.  HokuUr  tuborbimiarit  P  Defr. 

Sekinooonut  castimea,  Brongn.  FloeoBoyphia  ? 
Solaster  mbglohosa^  Leake. 

F&OM  NODULB-BBD  AT  BASB. 

S^licoeeraaj  sp.  Carditaf  sp.  (f  tmmiodtU), 

ColumbelUna  f  Flewromya  (PofioMa) . 

TurriteUaf  sp.  Cytherea  ptana.  Sow. 

Oueullaa  ewrinata  P  Sow.                           PHeatula^  sp. 

Oucullaa  mailleana?  D'Orb.  Exogyra,  sp. 

lioeardia,  sp.  Polyzoon  on  Lamellibianoh. 

Triffoniat  sp.  ,    Rhyneh<meUa  (near  to  grtmtma), 
Cardiumt  sp. 

A  section  at  the  top  of  the  cliff  (referred  to  on  p.  151  of  the 
Memoir  on  the  Isle  of  Purbeck)  shows  that  the  (Jhloritic  Marl 
maintains  an  abnormal  thickness  for  200  yards  at  least  west  of 
the  section  on  the  beach.  It  is  there  succeeded  downwards  by 
a  considerable  thickness  of  Upper  Oreensand,  in  which,  however, 
no  representative  of  the  Chert  Beds  could  be  found,  and  which 
presumably  belongs  to  the  lower  part  of  the  formation.  Twa 
explanations  for  this  sequence  may  be  offered:  firstly,  that  the 
£Ault  which  throws  Chloritic  Marl  against  Gault  on  the  beach  does 
not  follow  the  bedding  precisely,  but  cuts  obliquely  through  the 
Upper  Greensand,  so  as  to  throw  Chloritic  Marl  against  that  forma* 
tion  westwards ;  secondly,  that  the  upper  part  of  the  Upper  Qreensand 
suffered  erosion  before  the  deposition  of  the  Chloritic  Marl. 

The  first  explanation  is  supported  by  the  fact  that  the  section  on 
the  beach  places  the  existence  of  a  fault  beyond  doubt,  and  showfr 
also  that  the  fault  is  approximately  parallel  to  the  highly  inclined 
beds.  In  favour  of  the  second  explanation  it  may  be  urged  that  the 
abnormal  thickness  and  character  of  the  Chloritic  Marl  point  to  the 
Upper  Greensand  having  undergone  erosion.  The  phosphatic  casts 
of  fossils,  though  but  little  water- worn,  are  fragmentary.  While, 
therefore,  they  have  neither  travelled  far  nor  been  rolled  upon 
a  beach,  they  are  not  in  their  original  matrix.  The  absence  of 
any  fragments  of  chert  among  the  nodules  in  the  Chloritic  Marl 
appeared  to  me  to  point  to  the  erosion  of  the  Upper  Greensand 
having  been  but  slight,  but  in  explanation  of  this  Mr.  Hill  suggests 
that  the  chert-nodules  were  formed  at  a  later  date,  and  that  the  beds 
were  all  soft  when  the  erosion  took  place.  For  myself  I  am  inclined 
to  think  that  the  segregation  of  nodules  followed  as  a  mle  closely 
upon  the  deposition  of  the  sediments  in  which  they  occur. 
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The  fossils,  generally  speaking,  have  too  wide  a  range  to  determine 
exact  horizons  in  the  Upper  Greensand,  but  Mr.  Jukes-Browne 
points  out  to  me  that  Oyiherea  plana^  which  occurs  as  a  phosphatio 
oast  in  the  nodule-bed,  fayours  the  idea  of  erosion  to  below  the 
Ohert  Beds,  for  he  has  not  observed  it  from  any  higher  horizon. 

In  the  Memoir  on  the  Isle  of  Parbeok  (pp.  161,  162)  I  referred 
to  the  general  consensus  of  opinion  that  there  had  been  some  slight 
erosion  of  the  Upper  Greensand  before  the  deposition  of  the  Chloritio 
Marl,  and  gave  some  instances,  but  I  know  of  no  other  case  in  which 
the  evidence  is  so  strong  or  where  the  erosion  appears  to  have  been 
so  great  as  at  Mupe  Bay.  That  it  was  strictly  local  is  proved  by 
the  fact  that  in  Lulwordi  Gove  to  the  west,  and  in  Warbimrow  Bay 
to  the  east,  the  sequenoe  is  normal,  and  the  Ohloritic  Marl  resumes 
its  normal  thickness  of  S  to  4  feet  It  is  unfortunate  that  the 
existence  of  a  fault  introduces  a  doubt  how  far  the  incompleteness 
of  the  sequence  should  be  attributed  to  contemporaneous  erosion  and 
how  far  to  subsequent  movement  While  accepting  the  evidence 
that  there  was  e^sion,  perhaps  considerable,  of  the  Upper  Green- 
sand,  I  am  disposed  to  <»11  in  the  aid  of  the  fault  at  the  top  as  well 
as  at  the  bottom  of  the  cliff,  to  account  for  some  of  the  missing  beds. 

My  thanks  are  due  to  Mr.  Hill  for  giving  me  the  opportunity  of 
makmg  this  correction,  and  for  supplying  much  of  the  material  on 
which  it  is  founded. 


2sroTi033S  o^  ^Jimn^oijas, 


I. —  Obigin  ov  the  Anoiskt  Cbystalliks  Books. — Dr.  Frank 
Dawson  Adams  gives  an  account  of  the  excursion  to  the  Pyrenees 
in  connection  with  the  Eighth  International  Geological  Congress 
(Joum.  GeoL,  1901,  ix,  pp.  28-46).  The  object  of  the  excursionists 
was  to  examine,  under  die  leadership  of  Professor  Lacroix,  certain 
intrusive  granite  masses,  which  have  not  only  intensely  altered 
the  strata  through  which  they  pierce  but  which  have  produced 
a  wholesale  transformation  of  the  sedimentary  rocks  in  question 
into  granite,  the  granite  now  occupying  the  space  formerly  occupied 
by  the  sediments.  The  districts  examined  were  Aix-les-thermes, 
L'Etang  de  I'Estagnet,  L'Etang  de  Baxouillade,  Cirque  de  Camp 
Bas,  Foix,  Arignac,  Cabre,  Vicdessos,  Sem,  Massat,  Bagndres-de- 
Bigorre,  Pouzac,  Payole,  Cirque  d'Arbisson,  and  Bar^s.  While 
recognizing  that  the  excursion  was  merely  a  rapid  traverse  of 
a  district  which  has  received  detailed  attention  from  the  French 
petrographers,  Dr.  Adams  sums  up  as  follows:  "While  the 
transfusion  of  a  certain  amount  of  material  into  the  limestones 
along  the  immediate  contact  of  the  intrusions  and  also  a  solution 
of  the  limestone  to  a  limited  extent  in  certain  cases  seems  highly 
probable ;  the  wholesale  transformation  of  limestone  into  diorite,  or 
of  shale  into  gneiss  and  granite,  which  has  been  described  in  the 
case  of  these  contact  zones  of  the  Pyrenees,  is  as  yet  very  flEtr  indeed 
from  being  proved." 

DBCiU>B  IV. — ^VOL.  Vin. — VO.  VII.  21 
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n. — NoDULAs  Obanitb  vbom  PnnB  Lakb,  Ohtabio.  By  Frank 
Dawson  Adams,  Ph.D.  (Bulletin  of  the  Q^ologioal  Society  of  America, 
1897,  voL  ix,  pp.  163-172,  pi.  xi ;  Febraary  10, 1898.)— Profewor 
Adams,  while  carrying  out  some  work  for  the  Qeological  Survey  of 
Canada  in  the  eastern  part  of  the  Province  of  Ontario,  has  discovered 
a  remarkable  occurrence  of  orbicular  or  nodular  granite  in  the 
township  of  Oardiff,  in  the  county  of  Peterborough.  In  this  part 
of  the  oountrv  the  fundamental  rocks  are  Crystalline  Limestones, 
associated  with  Gneisses  and  Amphibolites,  broken  through  by  great 
intrusions  of  Granite.  The  nodule-bearing  Granite  occurs  on  the 
north  and  south  sides  of  Pine  Lake.  It  is  rather  fine-graioed  and 
usually  gneissic  in  places,  but  often  massive.  The  nodules  are 
confined  to  a  portion  only  of  the  Granite,  and  are  not  in  proximity 
to  the  Amphibolite;  and  therefore  the  nodular  structure  is  not 
a  contact  phenomenon.  The  nodules  are  spherical  or  ellipsoidal, 
and  occur  either  scattered  through  the  rook  or,  more  rarely,  in 
lines.  When  the  nodules  occur  in  rows  they  gradually  get  closer 
together  until  they  seem  to  fuse  or  coalesce  into  a  continuous  band 
or  vein.  The  centres  of  the  nodules  exhibit  little  segregation 
bunches  of  schorl.  Professor  Adams  concludes  that  these  nodules 
are  due  to  a  primary  differentiation  of  the  magma,  for  the  reason 
that  they  do  not  include  certain  minerals  such  as  Microoline,  which 
have  evidently  crystallized  from  the  magma  latest,  and  which  are 
abundant  in  the  surrounding  Granite ;  while  on  the  other  hand  Silli- 
manite  occurs  in  the  nodules,  being  one  of  the  first  t6  separate  from 
the  magma,  but  does  not  occur  in  the  surrounding  Granite. — F.  0. 

III. — An  Expebimsntal  Investigation  into  the  Flow  of 
Marble.  (Philosophical  Transactions  of  the  Boyal  Societv  of 
London,  1901,  vol.  cxcv,  pp.  363-401.) — These  experiments  have 
been  carried  out  by  Messrs.  Frank  Dawson  Adams  and  John  Thomas 
Nicolson ;  pure  Carrara  marble  being  the  rook  selected.  The  paper 
deals  with  the  methods  employed,  deformation  of  the  dry  rock  at 
ordinary  temperature,  at  300  C,  and  at  400  C,  and  at  300  C.  in  the 
presence  of  water.  Comparison  is  made  of  the  structures  produced 
in  Carrara  marble  by  artificial  deformation  with  those  produced  by 
deformation  in  the  case  of  metals,  and  comparison  of  the  structures 
produced  with  those  observed  in  the  limestones  and  marbles  of 
highly  contorted  portions  of  the  earth's  crust  The  following  is 
the  summary  of  results : — (1)  By  submitting  limestone  or  marble 
to  differential  pressures  exceeding  the  elastic  limit  of  the  rock 
and  under  the  conditions  described  by  the  authors,  permanent 
deformation  can  be  produced.  (2)  This  deformation,  when  carried 
out  at  ordinary  temperatures,  is  due  in  part  to  a  cataolastio  structure 
and  in  part  to  twinning  and  gliding  movements  in  the  individual 
crystals  composing  the  rock.  (3)  Both  of  these  structures  are  seen  in 
contorted  limestones  and  marbles  in  nature.  (4)  When  the  deforma- 
tion is  carried  out  at  300  C.  or,  better,  at  400  C,  the  oataclastic  structure 
is  not  developed,  and  the  whole  movement  is  due  to  changes  in  the 
shape  of  the  component  caloite  crystals,  by  twinning  and  gliding. 
(5)  This  latter  movement  is  identical  with  that  produced  in  metals 
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by  sqaeezing  or  hammering,  a  movement  which  in  metals  aa 
^  general  rale,  as  in  marble^  is  facilitated  by  increase  of  temperature. 
(6)  There  is  therefore  a  flow  of  marble  jast  as  there  is  a  flow  of 
metals  under  suitable  conditions  of  pressure.  (7)  The  movement 
is  also  identical  with  that  seen  in  glacial  ice,  although  in  the  latter 
•case  the  movement  may  not  be  entirely  of  this  character.  (8)  In 
these  experiments  the  presence  of  water  was  not  observed  to 
exert  any  influence.  (9)  It  is  believed,  from  the  results  of  other 
experiments  now  being  carried  out  but  not  yet  completed,  that 
similar  movements  can,  to  a  certain  extent  at  least,  be  induced  in 
granite  and  other  harder  crystalline  rocks,  and  that  several  structures 
developed  in  these  rooks  in  nature  in  highly  contorted  regions  can 
thus  be  reproduced.     Photo-micrographs  of  the  marble  are  given. 

lY. — Gboloot  of  West  Oobnwall. — Mr.  J.  B.  Hill,  who  has 
been  studying  the  geological  structures  of  Western  Cornwall  for 
some  years,  has  been  talking  to  the  Boyal  (Geological  Society  of 
Cornwall  about  them.  His  paper  has  appeared  in  the  Transactions 
(1901,  vol.  xii,  pt.  6),  and  his  conclusions,  given  in  his  own  words, 
are  as  follows: — ''The  structures  of  the  stratified  formations  in 
West  Cornwall  are  identical  with  the  structures  of  crystalline  schists. 
In  the  Falmouth  district,  so  far  as  yet  examined,  true  slates  have 
not  been  met  with.  The  strata  have  been  thrown  into  a  series  of 
isoclinal  folds,  accompanied  by  small  faults.  With  these  folds  and 
faults  minor  structures  have  been  set  up  until  the  whole  rock  has 
often  become  a  mass  of  minute  folds  and  thrusts,  with  their 
.accompanying  strain-slip  cleavages.  These  processes  have  been 
carried  so  far  that  'crash-conglomerates'  have  been  produced  on 
a  large  scale.  It  is  evident,  from  a  study  of  this  district,  that  had 
the  rocks  been  subjected  to  those  stresses  at  a  greater  depth  and 
below  the  zone  of  fracture,  where  they  wauld  not  have  been  so  free 
to  move,  they  would  have  been  converted  into  true  schists.  They 
possess  now  every  structure  of  schists,  but  the  mineralization  has 
been  wanting." 

"  The  visible  dip  of  the  rocks  is  of  no  value,  except  as  registering 
the  inclination  of  the  limbs  of  folds.  As  an  illustration  of  this  fact, 
it  may  be  pointed  out  that  although  the  strata  have  a  general  dip  to 
the  south-east,  between  Falmouth  and  Traro,  we  are  apparently 
crossing  the  strike  from  the  coast  to  the  heart  of  the  county,  yet, 
instead  of  getting  deeper  in  the  stratigraphical  series,  we  are  on 
precisely  the  same  geological  horizon  as  at  Falmouth,  the  intervening 
ground  being  made  up  of  a  succession  of  isoclinal  folds." 

This  last  paragraph  is,  we  believe,  confirmatory  of  De  la  Beche's 
view,  and  does  not  support  the  view  sometimes  expressed,  that  in 
this  district  we  have  a  great  thickness  of  sedimentary  deposits. 

V. — Abgonaut  from  the  Tbbtiabt  of  Japan. — Mr.  Yoshiwara  has 
just  published  in  Annotationei  Zoologica  Japanensei  (1901,  vol.  iii, 
pp.  174-176)  a  description  of  a  supposed  new  Argonaut  from  the 
Neogene  tuff  of  Agenokimura,  near  Matsue,  lugori,  province  Izumo, 
Japan.    This  was  found  by  Mr.  J.  Asai,  and  mentioned  by  Professor 
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Jimbo  as  long  ago  as  1896  in  the  Jbtimal  ofiht  Tdkifi  OeograpUeai 
Society,  yoL  viiL  The  specimens,  of  which  there  are  two,  can  only 
be  distinguished  from  *  A.  tvhoreuloia,  Linn.'  (said  by  Yoshiwara 
to  be  identical  with  A»  nodosa,  Sol.,  and  A,  orynaia,  Hensh.),  by 
the  general  outline  of  the  shell,  the  size  of  the  whorls  near  the 
centre,  and  the  rows  and  nombers  of  the  ribs.  It  is  of  considerable 
interest  to  find  that  this  tnbercnlate  form  of  the  genus,  which  has 
never  been  found  living  in  Japan,  existed  there  in  Tertiary  times. 

VL — Th«  Oband  Canyon  of  the  Oolobado. — Professor  W.  M. 
Davis  has  published  in  the  Bulletin  of  the  Museum  of  Oomparative 
Zoology  at  Harvard  Coll^^  (Oeol.  Series,  v,  No.  4,  May,  1901)  an 
account  of  an  excursion  to  the  Grand  Canyon  of  the  Colorado.  His 
results  may  be  summarized  as  follows : — **  There  is  some  probability 
that  the  Ban  Bafael  swell,  like  the  Waterpocket  flexure,  is  of 

S re-Tertiary  origin.  The  other  deformations  of  the  region,  both 
exures  and  faults,  are  almost  exclusively  of  much  earlier  date  than 
the  canyon  cycle,  and  they  may  have  been  formed  relatively  early 
in  the  erosional  history  of  the  district  The  total  denudation  of 
the  region  thus  far  accomplished  may  be  considered  in  two  parts, 
of  which  the  first — the  great  denudation — was  far  advanced  before 
the  general  uplift  by  which  the  second — the  erosion  of  the  canyon 
and  the  stripping  of  weak  strata  from  the  plateaus — was  introduced.'' 

*'But  the  great  denudation  was  complicated  by  repeated  move- 
ments, after  each  of  which  the  processes  of  erosion  may  have 
reached  an  advanced  stage  before  Uie  occurrence  of  the  next  series 
of  disturbances.  It  is  only  by  an  analysis  of  these  repeated 
movements  and  revived  erosions  that  the  origin  of  the  drainage 
system  can  be  determined.  As  far  as  this  analysis  can  be  attempted 
at  present  for  the  Grand  Canyon  district,  the  side  streams  seem  to 
be  of  various  origins,  except  that  none  of  them  appear  to  be 
antecedent.  The  Colorado  itself  may  be  in  part  antecedent  to  some 
of  the  many  dislocations  that  the  district  has  suffered,  but  it  seems 
to  be  for  the  most  part  consequent  on  the  displacements  caused  by 
faulting  in  the  later  part  of  the  great  denudation,  and  on  the  form 
that  the  surface  had  assumed  at  that  time." 

'<  The  floor  of  the  Toroweap  valley  is  higher  than  the  neighbouring 
valley  floors,  because  it  is  sheeted  with  heavy  lava  flows  which  have 
efiectively  withstood  the  intermittent  erosive  effects  of  wet-weather 
floods.  The  past  climate  of  the  region  cannot  be  safely  determined ; 
a  change  from  a  humid  to  an  arid  climate  at  the  close  of  the  Miocene 
does  not  appear  to  be  demanded  by  the  facts  that  have  been  appealed 
to  in  its  support." 

Professor  Davis  gives  a  bibliography  and  some  illustrations,  many 
of  which  are  new,  and  one  of  which,  a  general  photographic  view  of 
the  Grand  Canyon,  is  especially  good.  T.  B.  J. 

yn. —  Shobteb  Geolooioal  Notes. —  Elkanah  Billings,  for 
twenty  years  palceontologist  to  the  Geological  Survey  of  Canada, 
and  the  founder  of  the  Canadian  Naturalist  and  Geologist,  formed 
the  subject  of  Dr.  Ami's  address  as  president  of  the  Ottawa  Field 


Digitized  by  VjOOQ IC 


Reviews — EeddkU  Mineralogy  of  Scotland.  325 

Naturalists'  Club*  last  Deoember.  The  material  has  now  been 
extended,  a  bibliography  added,  and  the  whole  published  in  the 
Am^ean  OeologUt  for  May. 

PnorsssoB  E.  W.  Hiloabd's  '<  Historioal  Outline  of  the  (Geological 
and  Agricultaral  Survey  of  the  State  of  Mississippi/'  which  appMtred 
in  the  publications  of  the  Mississippi  Historioal  Society,  has  been 
reprinted  in  the  American  Oeologisi  for  May.    It  gives  an  interesting 

Sicture  of  the  origin,  rise,  and  progress  of  one  of  the  United  States 
urveys,  and  provides  an  official  account  of  the  publications,  always 
of  value. 

Mb.  J.  A.  OuNNiKGHAM  has  published  a  contribution  to  the 
Theory  of  the  Order  of  Crystallization  of  Minerals  in  Igneous 
Bocks,  in  the  Scientific  Proceedings  of  the  Boyal  Dublin  Bocietr 
(1901,  vol.  ix,  pt  4).  The  paper  should  be  read  in  connection  wiw 
Dr.  Joly's  paper,  <<  Theory  of  the  Order  of  Formation  of  Silicates  in 
Igneous  Books,"  published  by  the  same  Society  in  1900. 


la  E3  V  I  E3  "VT-  S. 


I. — Thb  Minbbaloqt  or  Sootlakd.  By  the  late  M.  Fobstsb 
Hbddlb,  M.D.,  F.B.S.E.  Edited  by  J.  G.  Ooodohild,  F.G.S. 
2  vols. :  860  pp.,  80  figures  in  text,  117  plates.  (Edinburgh: 
David  Douglas,  1901.    Price  86f.  nett) 

DUBING  the  greater  part  of  a  long  life  the  late  Professor  Heddle, 
for  many  years  Professor  of  Ohemistry  in  the  University  of 
St  Andrews,  spent  his  holidays  in  the  mineraloffical  exploration 
of  his  native  country,  and  scarcely  a  single  locfdity  from  which 
there  was  a  likelihood  of  obtaining  good  specimens  can  have  been 
left  nnvisited  by  him ;  he  was  thus  able  to  bring  together  a  collection 
of  Scottish  minerals  remarkable  for  its  comj^eteness  and  for  the 
excellence  of  its  material ;  to  its  examination,  chiefly  chemical,  he 
devoted  all  his  available  time.  Some  years  ago  the  collection  was 
purchased  for  the  nation  and  deposited  in  the  Museum  of  Science 
and  Art  at  Edinburgh;  there  it  was  arranged  and  labelled,  for 
public  exhibition,  by  Dr.  Heddle  during  the  latter  years  of  his  life. 

Of  the  topographical  and  chemical  mineralogy  of  Scotland, 
Professor  Heddle  had  thus  an  unsurpassed  knowledge,  and  he  made 
voluminous  notes  with  a  view  to  the  eventual  publication  of 
a  treatise  by  means  of  which  the  information  so  laboriously  acquired 
might  be  preserved  to  posterity.  Unfortunately,  like  too  many 
other  investigators,  he  was  called  to  his  rest  when  his  work  was 
still  far  from  complete ;  there  was  thus  a  great  danger  that  his  notes 
might  never  be  printed  and  made  available  for  general  use.  His 
family  has  done  what  was  possible  to  avert  the  threatened 
catastrophe,  and  have  obtained  help  for  the  completion  and  editing 
of  the  work ;  the  notes  have  been  prepared  for  press  and  the  treatise 
has  been  edited  by  Mr.  J.  G.  (Joodchild,  who  is  now  closely 
associated  with  the  custody  of  the  collection  itself. 

To  complete  the  work,   Mr.  Alexander  Thoms,  son-in-law  of 
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Professor  Heddle,  has  oompiled  a  list  of  the  mineral  speoies  whiob 
have  been  found  in  eaoh  of  the  oounties  of  Scotland ;  Mr.  James 
Ourrie  has  prepared  a  list  of  Scottish  Pseudomorphs,  and  an  index 
of  Scottish  pals&osomatio  minerals ;  Mr.  J.  G.  Qoodohild  has  added 
an  alphabetical  list  of  minerals,  indicating  by  means  of  asteriska 
those  which  occar  in  Scotland,  and  has  fur&ier  prepared  a  series  of 
beautiful  gnomograms  and  stereograms  of  the  crystallographic  forms 
of  the  more  common  mineral  species. 

The  result  is  the  issue  of  the  two  fine  Tolumes  now  before  us  ; 
the  book  is  well  printed,  and  illustrated  regardless  of  expense ;  an 
excellent  portrait  of  the  author  is  given  as  frontispiece,  and  is 
followed  by  a  short  memoir.  No  more  impressive  memorial  of 
Dr.  Heddle  could  have  been  devised  by  his  family. 

The  work  is  of  course  of  the  dictionary  type,  and  designed,  not 
for  continuous  reading,  but  for  the  purposes  of  reference;  its 
usefulness  depends,  to  a  large  extent,  on  the  completeness  and 
accuracy  of  the  specification  of  the  localities.  No  pains  have  been 
spared  over  this  part  of  the  book;  all  the  places  mentioned  in 
Dr.  Heddle's  notes  have  been  identified  as  far  as  possible,  a  tedious 
task,  involving  much  difficulty  and  enquiry  when  the  localities  are 
remote  from  railways,  are  not  recorded  on  the  best  maps,  and  ars 
represented  by  names  of  which  there  is  much  diversi^  of  spelling. 
Fortunately,  Dr.  Heddle  had  left  a  set  of  Ordnance  Survey  Maps, 
on  which  his  annual  wanderings  had  been  traced ;  with  the  help  of 
these,  and  much  aided  by  the  wide  information  of  Mr.  James  Currie, 
Mr.  Goodchild  has  prepared  a  Synonymic  Index  (S3  pages)  to  the 
Scottish  Mineral  localities,  specifying  for  each  locMdity  t^e  position 
on  the  Ordnance  Map  and  the  names  of  the  mineral  species  to  be 
found  there. 

The  numerous  plates  illustrating  the  forms  of  crystals  have  been 
brepared  at  great  cost,  and  they  add  to  the  beauty  of  the  volume ; 
but  Dr.  HedSe  left  behind  him  no  information  as  to  whether  the 
figures  were  original  or  not  Some,  at  least,  were  doubtless  taken 
from  works  illustrating  the  minerals  of  other  countries,  though 
probably  they  at  the  same  time  illustrate  Scottish  minerals  preserved 
in  his  own  collection. 

It  should  be  mentioned  that  in  the  text  there  are  numerous 
illustrations  of  agates,  to  the  mode  of  origin  of  which  Dr.  Heddle 
had  given  much  study. 

It  would  add  to  Uie  usefulness  of  the  work  if  in  a  subsequent 
edition  an  alphabetical  index  to  the  mineral  species  and  varieties^, 
with  page-references,  were  placed  at  the  end  of  it. 

II. —  H0M<B0M0BPHT     AMONG     JuBASSIO     BrAOHIOPODA.        By    S.    S. 

BuoKUAN.     Proa  Cotteswold   Naturalists'   Field   Club,    1901, 
vol.  xii,  pt.  4,  pp.  281-290,  pis.  xiii-xiv. 

Fthis  paper  Mr.  Buokman  performs  a  welcome  service  by  drawing 
attention  to  the  occurrence  of  what  he  terms  '  homoeomorphy  ^ 
in  Jurassic  Brachiopoda.  The  part  played  by  parallelism  in 
producing   striking   similarities   between    members    of    separate 
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stocks  has  hitherto  been  sadly  neglected,  and  the  failure  to 
recognize  this  independent  acquirement  of  similar  general  features 
has  doubtless  repeatedly  led  to  confusion.  Two  of  the  most  striking 
examples  of  this  phenomenon,  described  by  the  author,  are  furnished 
by  Terehratula  imkUor  and  Zeilleria  subcomuta,  and  by  Terebratula 
mibomalogaster  and  ZeiUeria  aniiodinea. 

Some  of  the  descriptions  of  new  forms  in  this  paper  are 
unfortunately  too  brief,  and  might  with  great  advantage  have  been 
amplified.  The  value  of  generic  separations  among  the  Jurassic 
Terebratuloids  is,  to  some  extent,  admittedly  a  matter  of  personal 
opinion.  But  it  may  seriously  be  doubted  whether  any  useful 
purpose  is  to  be  attained  by  the  adoption  of  such  a  'genus'  as 
y9ettdogh$$othyTia,  proposed  in  this  paper.  It  appears,  at  least,  to 
be  hardly  justified  by  the  somewhat  slender  distinctive  characters 
embodied  in  the  definition  provided.  Abuses  of  the  word  *  genus  * 
are  now  unfortunately  common,  and  there  is  a  widespread  and 
regrettable  tendency  to  burden  an  already  involved  nomenclature 
by  such  additions. 

The  expression  'date  of  existence'  scarcely  commends  itself 
when  employed  in  relation  to  fossil  shells.  Doubt  may  be  enter- 
tained  whether  the  elaborate  '  time-table '  provided  by  the  author 
can  ever  have  more  than  a  local  value,  and  perhaps  this  is  all  that  is 
daimed  for  it.  For  his  useful  and  suggestive  contribution  to  our 
knowledge  of  homceomorphy,  Mr.  Buckman  is  to  be  congratulated. 


K^EJPOI^TS     -A.35rD     :E>:EtO(3:mJBMDXlSrC3h&, 


GCOLOOIOAL  SOOIBTY  OF  LOMDON. 

I.— May  8th,  1901.— J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.B.S.,  President, 
in  the  Chair.     The  following  communication  was  read  : — 

*'  The  Influence  of  the  Winds  upon  Olimate  during  the  Pleistocene 
Epoch:  a  Palaso-Meteorological  Explanation  of  some  Geological 
Problems."    By  F.  W.  Harmer,  Esq.,  F.G.S. 

Winds  are  an  important  factor  in  determining  the  distribution  of 
climatic  zones.  Deviations  of  the  isotherms  from  the  normal  are 
generally  connected  with  the  direction  of  the  prevalent  winds.  The 
influence  of  marine  currents  is  indirect  rather  than  direct  Changes 
of  wind  cause  marked  and  sudden  changes  in  the  weather,  though 
the  general  direction  of  ocean-currents  remains  the  same.  Permanent 
alterations  in  climate  during  past  epochs  would  have  equally  resulted 
from  permanent  changes  iu  the  wind.  Anomalous  weather  is  due  to 
some  unusual  arrangement  of  high  and  low-pressure  areas.  Former 
oases  of  anomalous  olimate  can  only  have  occurred  when  the 
meteorological  conditions  were  favourable. 

Continental  areas  tend  to  be  cyclonic  in  Summer  and  anticyclonio 
in  Winter,  while  the  reverse  is  broadly  true  of  the  oceans.  During 
the  Glacial  Period  ice-covered  areas  would  have  remained  more  or 
lees  anticyclonio  throughout  the  year,  while  low-pressure  areas  must 
have  prevailed  in  regions  to  the  south  of  them  and  over  the  adjoining 
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ooeans.  This  would  have  altered  the  prevalent  diteotion  of  the  winds 
and  the  distribution  of  rainfall;  thus  the  anticyolone  of  the  European 
ioe-sheet  may  have  caused  ojolonic  storms  to  pass  farther  south  than 
at  present,  bringing  ooeanio  winds  over  the  Sahara,  whioh  formerly 
enjoyed  a  humid  climate.  Dead  shells  are  rarely  found  now  on 
the  eastern  shores  of  Norfolk  and  Suffolk,  though  they  are  driven 
on  to  the  Dutch  coast  by  westerly  gales.  Shell-debris  in  the  Upper 
Orag-beds  of  East  Anglia  shows  that  easterly  gales  were  common  at 
that  period.  This  may  have  been  due  to  the  altered  path  of  cydones, 
caused  by  the  glacial  conditions  which  were  becoming  established  in 
regions  to  the  north  of  Great  Britain.  The  abundance  of  mammoth* 
remains  along  the  shores  of  the  Polar  Sea  and  the  alternate  humidity 
and  desiccation  of  the  basin  of  Nevada  may  have  resulted  from 
allied  causes. 

It  is  difficult,  however,  to  restore  hypothetically  the  meteorological 
conditions  of  the  Pleistocene  epoch  on  the  theory  that  the  maximum 
glaciation  of  the  eastern  and  western  continents  was  contemporaneous. 
In  that  case  an  enormous  anticyclone  would  have  extended  from  the 
pole  southward  over  both  continents  at  the  same  time,  causing 
cyclonic  conditions  in  the  Atlantic  both  in  Summer  and  Winter. 
Such  a  condition  of  things  would  have  flooded  Western  Europe  with 
warm  southerly  winds.  No  such  meteorological  difficulties  arise  if 
the  hypothesis  that  the  more  important  glacial  and  intergladal 
periods  alternated  in  the  western  and  eastern  continents  be  adopted. 
Thus  persistent  and  excessive  cold  in  North  America  during  the 
Winter  of  1898-99  was  coincident  with  abnormal  warmth  in  Europe ; 
the  winds  were  northerly  and  polar  in  America,  southerly  and 
strictly  complementary  in  Europe. 

On  the  other  hand,  the  effect  of  an  ice-sheet  anticyclone  extending 
from  Greenland  to  Central  Europe  might  have  been  to  force  the 
stprm-tracks  of  the  North  Atlantic  to  the  south-west,  producing 
warm  south-easterly  winds  in  Labrador,  which  would  have  tended, 
moreover,  to  divert  the  surface-currents  of  the  North  Atlantic  from 
the  European  to  the  American  coast  The  glaciation  of  Great 
Britain  could  only  have  happened  at  a  time  when  the  Icelando- 
British  Channel  was  closed.  No  permanent  ice-sheet  could  have 
existed  in  Britain  and  Scandinavia  while  the  influence  of  the  Gulf 
Stream  was  as  it  is  at  present 

It  is  possible  that  the  shifting  of  glacial  conditions  from  one  side 
of  the  Atlantic  to  the  other  may  have  been  due  to  differential 
earth-movements. 

The  views  taken  in  this  paper  afford  a  simpler  explanation  of 
geological  facts  than  those  usually  adopted.  Instead  of  supposing 
that  the  climatic  changes  of  the  Great  Ice  Age,  several  times 
recurrent  at  intervals  of  a  few  thousand  years,  were  due  to 
astronomical  or  physical  causes,  it  is  suggested  that  the  climate  of 
the  Northern  Hemisphere  being,  from  some  unexplained  cause,  colder 
than  that  of  our  era,  conditions  of  comparative  warmth  or  cold  may 
have  been  more  or  less  local,  affecting  the  great  continental  areas 
at  different  periods. 
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II.  — May  22iid,  1901.  — J.  J.  H-  Teall,  Esq.,  M.A.,  V.P.R.&, 
President,  in  the  Chair. 

Mr.  George  Abbott,  in  exhibiting  some  specimens  of  Cellular 
Limestone  from  the  Permian  beds  at  Fiilweli,  Sunderland,  which 
he  proposed  to  present  to  the  British  Museum  (Natural  History), 
femarked  that  their  interest  depended  upon  the  assumption  that 
they  were  entirely  inorganic.  Although  showing  a  remarkable 
resemblance  to  corals,  yet  no  zoologist  or  geologist  had  yet  claimed 
them  as  organia  If  this  surmise  were  correct,  the  carbonate-of- 
lime-molecules — probably  when  amorphous — must  have  had  some 
inherent  molecular  directive  force  which  produced  the  numerous 
distinct  patterns  in  their  structure.  These  fall  into  four  distinct 
classes — honeycomb  (two  kinds),  coralloid,  and  pseudo-organic, 
the  last-named  being  remarkable  for  having  a  constant  discoidal 
shape,  and  therefore  those  of  this  class  must  have  had  their  external 
form  also  controlled  by  the  hypothecated  force.  Each  class  appears 
to  have  passed  through  four  stages  of  'growth'  and  to  have 
undergone  some  marvellous  rearrangements  of  the  particles  while 
in  the  solid  condition.  So  far  as  he  knew,  no  one  had  previously 
attempted  to  classify  the  different  patterns,  nor  had  anyone,  except 
Mr.  William  King,  iu  his  work  on  **  Permian  Fossils,"  offered  any 
theory  as  to  the  formation  of  this  cellular  structure  in  the  Magnesian 
Limestone.  (See  Prof.  G.  A.  J.  Cole's  letter,  Gbol.  Mao.,  April,  p.  187.) 

The  following  communications  were  read : — 

1.  ''  On  the  Skull  of  a  Chiru-like  Antelope  from  the  Ossiferous 
Deposits  of  Hundes  (Tibet).'*     By  Bichard  Lydekker,  Esq. 

Twenty  years  ago  the  author  proposed  the  provisional  name  of 
PaniholopB  Hunde$ien$i$  for  an  extinct  species  of  antelope  typified 
W  an  imperfect  skull  figured  in  Boyle's  **  Botany,  etc.,  of  the 
Himalaya  Mountains,"  pi.  iii,  fig.  1.  The  specimen  is  in  the 
Museum  of  the  Geological  Society,  and  an  examination  has  confirmed 
the  original  determination.  The  skull,  although  of  rather  smaller 
dimensions,  comes  very  close  to  that  of  the  existing  chiru  (Paniholop$ 
JSodgaom)  of  Tibet  in  general  form  of  brain-case,  in  the  strong  ridges 
marking  the  upper  limits  of  the  temporal  fossad,  and  in  the  contour 
of  the  occipital  surface.  The  horn-cores  have  the  same  highly 
elliptical  cross-section,  and  the  same  general  setting-on  and  upright 
direction.  The  fossil  apparently  came  from  the  horizontal  deposits 
of  Hundes,  and  its  age  is  probably  not  greater  than  Upper  Pliocene. 

2.  **  On  the  Occurrence  of  Silurian  (?)  Bocks  in  Forfarshire  and 
Kincardineshire  along  the  Eastern  Border  of  the  Highlands."  By 
George  Barrow,  Esq.,  F.G.S.  (Communicated  by  permission  of  the 
Director  of  H.M.  Geological  Survey.) 

These  rocks  occur  in  three  lenticular  strips  between  the  schistose 
rocks  of  the  Highlands  and  the  boundary-fault  next  the  Old  Bed 
Sandstone.  The  largest  is  about  20  miles  long,  and  extends  almost 
from  Cortaohy  to  beyond  the  Clattering  Bridge ;  it  is  about  f  mile 
wide  at  its  widest.  The  rocks  are  divided  into  two  groups :  the 
Jasper  and  Green  Book  Series  below  and  the  younger  Margie  Series 
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above.  A  section  along  the  North  Esk  Biver  is  desoribed  in  detail, 
and  other  sections  referred  to  it.  The  lower  division  consists  of 
fine-grained  sandstones  (bearing  miorocline),  grey  slaty  shales, 
jaspers  (sometimes  containing  circular  bodies  resembling  radiolaria), 
and  a  yariable  series  of  basic  igneous  rocks  ('  green  rock ')  of  coarse 
texture  and  probably  intrusive  origia.  The  upper  division  consists 
of  conglomerates,  pebbly  gnts,  dark  and  white  shales,  pebbly 
limestone,  and  grey  shale.  The  age  of  the  series  cannot  be  definitely 
ascertained,  but  the  lower  division  is  compared  with  the  kxem^ 
cherts,  eta,  of  the  Southern  Uplands,  while  the  Margie  Series  is- 
newer  than  this,  but  older  than  the  Old  Red  Sandstone.  Both 
groups  have  been  much  deformed,  but  the  sediments  contain  clastic 
micas  and  have  undergone  practically  no  recrystallization,  and  the 
igneous  rocks  are  never  changed  into  hornblende-schists.  The 
deformation  is  greatest  near  the  junction  with  the  Highland  Schists, 
giving  rise  to  a  deceptive  appearance  of  an  upward  succession  and 
an  apparent  transition  in  crystalline  character,  but  the  crushing 
never  extends  more  than  a  few  yards  into  the  Highland  Series^ 
A  major  thrust  separates  the  Highland  Schists  from  the  Jasper  and 
Green  Bock  Series,  and  a  minor  thrust  generally  separatee  the 
latter  from  the  Margie  Series.  The  position  of  the  major  thrust 
and  that  of  the  later  great  boundary  fault  skirting  the  Old  Bed 
Sandstone  have  been  determined  by  the  outer  limit  of  the  aureole 
of  crystallization  of  which  the  South-Eastem  Highlands  form  a  part. 
The  harder  crystalline  schists  to  the  north-west  have  snapped  oflT 
from  the  softer  portions,  now  covered  by  newer  rocks  to  the 
south-east. 

8.  "  On  the  Crush-Oonglomerates  of  Argyllshire."  By  J.  B.  Hill, 
Esq.,  B.N.  (Communicated  by  B.  S.  Henries,  Esq.,  M.A.,  SecG.S.r 
with  the  permission  of  the  Director  of  H.M.  Geological  Survey.) 

While  the  sedimentary  origin  of  the  Highland  Boulder-bed  ia 
proved  by  the  foreign  boulders  contained  in  it,  there  occur  in  the 
Loch  Awe  region  certain  conglomerates,  often  along  definite  horizons, 
which  may  have  been  confused  with  it,  but  which  the  author  is 
able  to  prove  have  originated  by  crushing.  The  sedimentary  rocks 
of  the  area  include  all  the  members  of  the  Loch  Awe  Series,  consisting^ 
of  grits,  slates,  and  limestones,  the  latter  being  mostly  gritty  in 
character.  Associated  with  these  is  an  enormous  amount  of  igneoue 
material  of  Dalradian  age,  ranging  from  intermediate  to  basic  in 
composition,  together  with  porphyrite-dykes  probably  of  Old  Bed 
Sandstone  age  and  a  plexus  of  Tertiary  dykes.  The  sediments  are 
everywhere  folded,  the  folds  being  of  isoclinal  type.  The  Dalradiai^ 
igneous  material  consists  of  epidiorites;  and  eyidence  is  brought 
forward  to  prove  that  these  rocks  are  intrusive,  while  their  great 
apparent  bulk  is  probably  to  be  accounted  for  by  repetition  due  to- 
folding.  A  petrographioal  description  is  given  of  the  various  typee 
of  rocks  represented  among  the  epidiorites,  the  minerals  of  which 
include  hornblende  and  felspar,  wiUi  chlorite,  epidote,  calcite,  quarts, 
and  iron-ores.    There  is  every  gradation  in  texture  from  a  coarse 
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gabbro-like  type  to  the  finest  sohists,  and  some  of  the  rooks  are^ 
vesioular.    llie  rooks  are  frequently  foliated. 

The  orosh-oonglomerates  have  been  observed  in  the  limestones, 
qoartzites,  and  epidiorites ;  but  they  are  most  oonspiouously  developed 
at  the  junction  of  rocks  of  dissimilar  character,  and  especially  when 
the  limestone  and  epidiorite  are  in  juxtaposition.  The  junction  of 
the  two  rocks  is  intricately  folded :  folded  knobs  of  epidiorite 
measuring  from  a  few  inches  to  a  foot  or  more  being  packed 
together  in  a  limestone  matrix.  In  the  sections  big  blocks  may 
be  seen  in  prooess  of  division  by  shearing  movements,  which  have 
Buooeeded  the  folding.  The  limestone  seems  generally  to  have 
played  the  part  of  a  plastic  body,  and  has  accommodated  itself 
as  a  matrix  to  the  folded  and  isolated  fragments  of  epidiorite^ 
between  which  it  has  been  squeezed.  Thus  the  origin  of  the 
oonglomerate  is  satisfactorily  proved  by  the  fact  that  it  oontaina 
fragments  of  rooks  newer  than  the  sediments  in  which  the  crush- 
conglomerates  are  embedded.  The  author  considers  that  it  would  be 
safer  to  regard  such  conglomerates  in  this  area  as  have  a  calcareous- 
matrix  at  having  been  formed  by  crushing. 


THE  MAMMILLATITS'ZOKE  IN  EAST  8UEKEY. 

Sib, — In  a  short  communication  to  this  Magazine  for  May,  1899^ 
(pp.  234-6),  evidence  was  brought  forward  of  the  persistence  of  the 
zone  of  Hopliiea  interruptua  along  the  Gault  outcrop  through  Kent 
and  Surrey.  Since  then  Mr.  Jukes- Browne's  valuable  memoir  on 
the  English  Gault  and  Upper  Greensand  has  appeared,  and  in  thia 
certain  beds  at  the  extreme  base  of  the  Gault  in  West  Kent  and 
East  Surrey  are  considered  as  probably  belonging  to  the  lower  zone 
of  Aeanihoeeraa  mammillatum,  though  palsdontological  evidence  of 
this  is  wanting.  This  evidence  can  now  fortunately  be  supplied. 
About  a  mile  and  a  half  south-south-east  of  Merstham,  at  a  point 
marked  on  the  new  1-inch  sheet  286  as  "  Stocklands  Farm,"  there  ia 
a  small  brickfield  where  the  extreme  base  of  the  Gault  is  dug.  The 
junction  with  the  Folkestone  sands  is  not  actually  seen,  but  these 
sands  are  dug  within  a  few  yards  of  the  section.  In  the  lowest 
part  of  the  clay  there  are  abundant  large  and  irregular  phosphatie 
nodules,  full  of  glauconite  grains  and  with  many  quartz-grains  also. 
In  these  nodules  fossils  occur,  including  two  species  of  Ammonites, 
Aeanthoeeraa  mammllaium  and  Desmocerat  Beudanii,  the  latter  being 
particularly  abundant.  (These  determinations  have  been  kindly 
verified  by  Mr.  Crick,  of  the  Natural  History  Museum.)  Other 
fossils  occur,  but  not  abundantly,  and  I  cannot  give  a  list,  as  most 
of  them  were  dispersed  among  a  party  of  my  students  before  the 
special  interest  of  the  section  was  discovered.  Coniferous  wood 
occurs  abundantly,  beautifully  preserved. 

The  section  is  closely  similar  in  appearance  to  one  at  Beigate, 
described  in  Proc.  Geof.  Assoc.,  vol.  xvi,  p.  162,  and  tiiere  said  to- 
be  nnfossiliferous.    On  a  recent  visit,  however,  I  found  a  piece  of 
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ooniferouB  wood  there  jast  like  that  at  Stocklands,  bat  no  AmmoniteB. 
I  would  suggest  to  local  geologists  the  advisability  of  a  persistent 
«earoh  for  the  latter.  A.  M.  Datus. 

25,  Mortimer  Street,  W. 

NAMES    FOB    BRITISH    IGB- SHEETS. 

Snt, — ^To  discuss  fully  the  wide  questions  raised  by  Mr.  Lamplugh's 

reply  to  my  letter  of  last  April   would   require  far    too    much 

«paoe,  so  I  content  myself  with  repeating  that  to  propose  a  name 

for  that  which  has  not  been  proved  to  exist  is,  to  say  the  least, 

Ciature.  It  is  also  objectionable,  because  so  many  persons  cannot 
me  familiar  with  a  name  without  assuming  that  it  implies  the 
existence  of  a  reality.  As  man  is  naturally  prone  to  idolatry,  which 
in  the  present  age  commonly  takes  the  form  of  phrase- worship,  I  am 
sure  that  if  the  North  Sea  Ice-sheet  passed  without  protest  it  would 
•quickly  materialise  into  a  geological  fact  I  had  no  objection  to 
using  the  term  *  Scandinavian  Ice-sheet,'  because  something  of  the 
kind  must  have  existed  in  that  country,  yet  I  was  careful  to  speak 
only  of  'Caledonian  ice.'  So  I  cannot  allow  Mr.  Lamplugh  to 
smuggle  in  an  East  British  Ice-sheet  under  the  cover  of  any  phrase 
in  my  letter.  As  for  the  late  Glacial  age  of  the  Dogger  Bank,  that 
of  oourse  is  possible ;  but  I  think  whoever  makes  use  of  it  as  an 
argument  should  indicate  under  what  circumstances  such  a  long 
«hoal-like  mass  of  morainic  matter  was  deposited  in  that  position. 
Also,  I  should  like  to  have  an  explanation  of  the  causes  whion  would 
lead  to  an  exceptional  precipitation  of  snow  on  any  particular  part  of 
A  comparatively  level  plain  which  had  considerable  land  masses  on 
three  sides.  My  complaint  against  the  school  of  glacialists  to  which 
Mr.  Lamplugh  belongs  is,  that  they  iusist  on  those  fiiots  which  seem 
to  favour  their  ideas  and  ignore  all  which  have  the  contrary  effect 
Thus,  like  the  defenders  of  the  Ptolemaic  system  of  Astronomy,  they 
support  hypothesis  by  hypothesis,  and  invent  epicycles  to  escape 
from  difficulties.  It  is,  however,  a  gain  to  have  it  admitted  that 
boulders  did  not  take  an  inside  or  outside  passage  on  an  ice-sheet 
the  whole  way  from  Scandinavia  to  Eastern  England.  This 
-encourages  me  to  hope  that  a  course  of  sea-bathing  early  in  the 
Glacial  Epoch  may  embolden  some  geologists  to  repeat  the  process 
later  in  the  same,  and  to  extend  southwai^  the  submergence  which 
must  have  occurred  then  (Gxol.  Mao.,  1877,  p.  72,  and  1900, 
p.  289)  in  a  more  northern  region.  T.  G.  Bomkit. 

CURIOUS  BRECCIAS  IN  THE  HIGHLANDS. 
Sib, — ^There  are  in  the  Scottish  Highlands  between  Loch  Katrine 
and  the  upper  part  of  Loch  Lomond  several  bosses  of  diorite 
surrounded  by  brecciated  schist  These  are  very  curious,  for  each 
boss  of  diorite  is  surrounded  by  a  narrow  fringe  of  breccia  consisting 
entirely  of  schist  without  any  admixture  of  igneous  matter.  It  seems 
to  me  that  the  diorite  must  have  been  forced  up  in  a  solid  state 
through  the  schist,  which  in  consequence  got  broken  up ;  for  had  the 
diorite  been  in  a  molten  state  when  it  came  up,  some  of  it  would 
«urely  have  flowed  among  the  fragments  of  schist 
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Farther  north,  in  Glenfallooh,  there  is  a  more  extensive  area  of 
similar  breooiated  schist,  where,  however,  as  far  as  I  remember,  do 
igneous  rocks  are  to  be  seen. 

The  researches  of  Lapworth,  Peach,  and  Home  in  the  Highlands, 
of  Lamplngh  in  the  Isle  of  Man,  and  of  others  elsewhere,  have 
tanght  ns  that  solid  rocks  have  been  broken  tip  or  ground  inta 
powder  by  mechanical  violence  on  a  far  larger  and  more  extended 
scale  than  had  been  previously  dreamed  of. 

If  I  am  right  in  my  conjecture  as  to  the  origin  of  the  brecciaa 
mentioned  above,  they  are  instances  of  the  same  sort  of  thiug. 

Jm$  4,  1901.  J.  B.  DakTNS. 

P.S. — I  am  reminded  by  my  friend,  Mr.  C.  T.  Olough,  that  the 
breccias  may  be  due  to  explosions.  They  are  mentioned  by  Sir 
Archibald  Geikie  in  his  work  on  **  Ancient  British  Volcanoes,"  but 
I  have  not  the  book  at  hand  to  refer  to.— J.  B.  D. 


OBia?TJ^i&ir. 


QUSTAF   LINDSTROM. 
(WITH  A  PORTRAIT,  PLATE  XIII.) 

BoBir  AT  WisBT,  Auo.  27, 1829.  Dud  at  Stockholm,  Mat  16,  1901. 

How  vividly  comes  to  one's  mind  that  little  room  looking  into  the 
courtyard  of  the  Biksmuseum  at  Stockholm,  with  its  plain  deal 
floor,  deal  tables  and  writing-desk,  and  the  rough  deal  shelves  for 
books  covering  three  of  its  walls,  the  only  decoration  a  few  portraits 
(as  of  Angelin  and  Darwin),  the  only  sign  of  comfort  an  old  horse- 
hair sofa.  Here  for  twenty-five  years,  day  after  day,  Gustaf 
Lindstrom  pursued  his  quiet  labours  on  that  wonderful  collection 
stored  in  the  adjoining  room,  a  collection  rich  chiefly  in  the  fossils 
of  Silurian  Gotland  amassed  by  the  successive  exertions  of  Hisinger, 
Angelin,  and  Lindstrom  himself.  At  one  of  the  windows  in  that 
room,  overmuch  darkened  though  it  was  by  the  tall  houses  opposite, 
one  would  see  G.  Liljevall  developing  some  rare  fossil  or  making 
those  exquisite  drawings  that  illustrated  Lindstrom's  papers;  at 
another  window  the  attendant  boy,  usually  a  Gustaf  too,  made 
cardboard  trays  or  sorted  out  new  aocessions ;  while  a  third  window 
was  generally  occupied  by  some  foreign  palsBontologist  who  had 
journeyed  &r  to  study  the  famous  collection.  Many  are  there  of 
these  who  to-day  mourn  Lindstrom,  not  merely  as  a  leader  gone  from 
among  thera,  but  as  an  ever  attentive  host,  and  as  a  dear  friend. 

Bom  among  the  medissval  ruins  of  Wisby,  in  whose  clifiis  and  on 
whose  strand  ^ssils  are  to  be  had  for  the  mere  taking,  the  meditative 
and  retiring  youth  could  not  fail  to  have  his  interest  aroused  by  the 
relics  of  the  past.  He  might  have  been  a  great  archaeologist,  in  fact 
his  academic  thesis  was  on  the  history  of  his  native  island  in  Queen 
Christina's  reign,  and  in  after  years  he  published  two  thick  volumes 
on  the  Middle  Ages  in  Gotland ;  but  the  direct  incentive  to  pals&onto- 
logical  studies  was  early  furnished.  <'In  1845,"  he  once  wrote, 
**  when  I  was  quite  a  boy,  much  wondering  at  the  marvellous  things 
I  saw  enclosed  in  the  limestone  rocks  of  my  native  island  of  Gbtland, 
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Sir  Boderiok,  aooompanied  by  M.  de  Yemenil,  yisited  the  idand  and 
ranged  its  strata,  sJong  with  the  other  old  'transition  rocks*  of 
Sweden,  in  his  newly-founded  realm  <  Siluria.'  This  fact  acted  upon 
tne  as  a  fresh  revelation,  and  indicated  the  path  upon  whioh  to 
proceed."  It  was  no  doubt  also  Murchison's  visit  whioh  suggested 
his  enquiry  into  the  elevation  of  Gotland,  the  subject  of  his  first 
paper  (1862). 

But  Lindstrom,  though  he  continued  to  the  last  to  study  the 
geological  relations  of  the  Gotland  rocks,  did  not  become  a  mere 
stratigraphical  palaaontologist  In  1848  he  commenced  student  at 
Upsala  University  and  took  the  opportunity  of  attending  a  course  of 
lectures  delivered  by  Lov6n  in  Stockholm.  Thus  was  impressed  on 
him  the  need  to  the  paleeontologist  of  a  thorough  understanding  of 
living  animals,  and  so,  after  taking  his  doctor's  degree  in  1854,  he 
served  for  a  time  as  extraordinary  amanuensis  at  the  zoological 
museum  of  the  University,  and  published  purely  zoological  papers — 
on  the  invertebrato  fauna  of  the  Baltic,  on  the  larva  of  Pdtogasier^ 
and  on  the  development  of  Seriularia.  In  1856  he  accepted  a  post 
as  school-teacher  in  Wisby,  and  in  1858  a  mastership  at  the 
Grammar  School  in  that  town.  During  these  years  he  translated 
a  textbook  of  zoology  by  H.  Masius,  and  produced  his  **  Greologiens 
Grunder,"  which  was  an  adaptation  of  the  works  of  Lyell  to  Swedish 
students,  and  contained  numerous  original  illustrations  from  the 
geology  of  Sweden ;  it  speedily  ran  through  two  editions,  and  did 
much  to  increase  the  study  of  geology  in  that  country. 

Now  settled  in  Wisby,  Lindstrdm,  without  dropping  his  zoological 
researches,  as  proved  by  a  paper  on  the  fish  of  Gotland  (1867), 
devoted  more  attention  to  the  fossils  of  the  island.  He  began  with 
the  Braohiopoda  (1860),  but  soon  turned  to  the  Coelentera,  and  in 
1865  published  the  first  of  that  valuable  series  of  papers  on  the 
rugose  corals  which  led  up  to  his  memoir  on  the  operculate  corals 
of  the  PalsBozoic  formations  (1883).  These  papers,  while  disclosing 
hitherto  unsuspected  facts  of  coral  structure,  finally  solved  the  problem 
of  the  systematic  position  of  the  peculiar  Caleeola,  previously  regarded 
as  an  aberrant  brachiopod.  A  remarkable  type  of  madreporarian 
was  fully  described  by  him  in  1868  under  the  name  CaloBtyliSf  and 
again  discussed  in  his  memoir  on  the  Anthozoa  perforata  of  Gotland 
(1870).  He  wrote  also  on  the  tabulate  corals,  and  was  at  the  same 
time  investigating  the  deep  -  sea  corals  of  the  Atlantic.  To 
complete  the  account  of  his  work  on  the  corals,  we  may  mention 
his  papers  on  Silurian  corals  from  Russia  (1882),  on  Bhizophyllum 
(1884),  on  PriBciturhen  (1889),  on  the  'Corallia  baltica'  of  Linnnus 
(1895),  a  description  of  some  Silurian  corals  from  Gotland,  including 
the  new  genera  Nodulipora,  HolopTiragma,  and  Dtnophyllumj  with  re- 
descriptions  of  his  HelmifUhidiumt  Pachypora,  Polyorophe,  AetinocyBHs, 
and  others  (1896),  on  a  Tetradium  from  Beeren  Eiland  (1899),  on 
the  Neocomian  Thecocyathus  Nathoratt  from  King  Charles  Land 
(1900),  and  his  great  memoir  on  the  HeliolitidsB  (1899). 

But  before  these  last-mentioned  papers  were  written  occurred  the 
death  of  the  Keeper  of  the  fossil  Invertebrata  in  the  State  Museum 
at  Stockholm,  N.  P.  Angelin,  and  the  Academy  of  Sciences  appointed 
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LindBtrom  to  the  post  (1876).  One  of  his  first  tasks  in  this  new 
«nd  more  favoarable  position  was  the  oompletion  and  publioation 
of  the  "Fragmenta  Silurioa"  (1880),  for  which  some  plates  had 
been  prepared  by  Angelin.  There  also  fell  on  him  the  diffioult 
and  ungrateful  labour,  shared  with  Loven,  of  editing  Angelin'g 
" loonog^phia  Orinoideorum."  These  tasks  aooomplished,  Lindstrom 
found  time  to  attack  other  groups  of  Gotland  fossils.  Thus,  in  1884 
we  have  from  him  a  beautifully  illustrated  memoir  <'  On  the  Silurian 
Gastropoda  and  Pteropoda,"  of  importance  as  indicating  the  varying 
nature  of  the  fauna  in  correspondence  with  the  varying  conditions  in 
different  parts  of  the  Gotland  sea.  In  1885  he  issued  a  revision  of 
the  trilobites  and  Merostomata,  containing  descriptions  of  many  new 
species,  while  in  the  same  year  he  was  associated  with  T.  Thorell 
in  a  publication  that  awoke  profound  interest,  namely,  the  description 
of  a  scorpion,  P(daophonu8  nunciua,  from  a  bed  of  Lower  Ludlow  age 
at  Wisby.^  This  was  the  oldest  air-breathing  animal  then  known, 
but  there  have  since  been  described  Proicorpius,  Whitfield,  from 
the  Waterlime  group  of  New  York,  PaliSohlaUina,  Brongniart,  from 
the  Middle  Silurian  of  Calvados,  and  Proiocimex,  Moberg,  from  the 
Upper  Ordovician  of  Sweden.  He  then  turned  his  attention  to  the 
remains  of  Cephalopoda  preserved  in  a  hard,  splintery  limestone  of 
Southern  Gotland,  and  requiring  the  utmost  patience  for  their 
extraction  and  elucidation.  The  result  of  this  was  the  important 
memoir  on  ''The  Ascooeratidsd  and  the  LituitidsB,"  in  which  he 
lucidly  explained  the  complicated  structure  of  that  extraordinary 
nautiloid,  AseoceroB.  The  year  1895  produced  another  discovery  of 
the  greatest  interest,  namely,  a  CyathaBpiB  from  beds  of  Lower 
Wenlock  age  at  Lau  in  Gotland ;  the  minute  structure  of  the  plates 
was  very  fully  described  by  Lindstrom. 

These  important  memoirs  by  no  means  exhausted  the  activities 
of  Professor  Lindstrom.  He  visited  Gotland  every  summer  and 
pursued  his  enquiries  into  its  geology,  as  many  minor  papers  bear 
witness.  On  these  wanderings  through  the  island  he  also  collected 
the  materials  for  his  archsdological  studies.  He  published  a  list  of 
the  fossils  of  Gotland,  followed  by  lists  of  the  Cambrian,  Ordovician, 
and  Silurian  faunas  of  Sweden.  He  took  an  active  part  in  the  affairs 
of  the  Academy,  and  occasionally  gave  popular  lectures  on  subjects 
of  general  geological  interest.  Of  recent  years,  as  the  burden  of  age 
began  to  press  more  heavily,  he  rejuvenated  himself  (as  he  expressed 
it)  by  visits  to  Italy,  in  which  both  as  naturalist  and  archadologist  he 
took  the  greatest  possible  delight.  But  this  did  not  cure  the  gradual 
failure  of  eyesight  that  was  his  greatest  trouble,  and  rather  more 
than  two  years  ago  he  finally  lost  the  use  of  one  eye.  When  I  saw 
him  last,  in  1899,  he  was  dreading  the  loss  of  the  other,  but  was 
still  hard  at  work,  and  greatly  excited  over  an  important  discovery 
just  made  in  the  trilobites.  Oddly  enough,  this  concerned  certain 
macules,  believed  by  him  to  be  vestigial  eye-spots,  occurring  on  the 
hypostome  of  many  genera.  This  gave  rise  to  the  last  paper  he  ever 
wrote,  a  wonderfully  detailed  study  of  these  maculae  and  of  the 

^  Another  Silurian  scorpion,  referred  to  Lindstrom's  genus  Fakeophonutf  has  heen 
diflcorered  by  B.  N.  Peach  at  Lesmahagow,  Lanarkshire. 

Digitized  by  VjOOQ IC 


336  Obituary — Ghistqf  Idndatrom. 

visiial  organs  of  the  trilobites  in  general,  with  important  bearings  on 
the  zoological  position  of  those  animals  (February,  1901). 

The  scientific  work  of  Gustaf  Lindstrdm,  though  not  greatly 
affecting  the  more  theoretical  and  philosophical  questions  of  zoology 
and  geology,  was  marked,  as  we  have  seen,  by  many  discoveries^ 
of  great  interest  and  importance.  But  the  discovery  of  to-day  is  the 
stale  news  of  to-morrow,  and  it  is  not  by  any  sensational  features  of 
his  work  that  his  fame  will  continue.  It  will  continue  and  it  will 
increase  by  reason  of  the  immense  care  he  bestowed  on  all  details, 
the  accurate  descriptions,  and  the  exquisite  illustrations.  He 
recognized  the  futility  not  merely  of  the  ordinary  semi-diagrammatia 
figures  but  also  of  ike  more  pretentious  photographs,  when  there 
was  question  of  such  perplexing  detail  and  variation  as  is  presented 
by  the  corals.  It  is  only  just  to  say,  and  Lindstrdm  himself  alwaya 
insisted,  that  in  his  attempts  he  received  the  greatest  help  from  tha 
remarkable  artistic  talents  of  Mr.  G.  Liljevall.  His  work  will  live 
because  of  the  absence  of  unwarranted  speculation,  because  of  its 
thoroughness,  because  of  its  honesty.  He  had  always,  in  the  rich 
collection  at  his  elbow,  and  in  the  appeals  of  his  contemporaries,  the 
temptation  to  publish  much  more  than  he  did,  but  future  generations 
will  rejoice  that  he  understood  how  it  was  better  to  do  one  thing 
conscientiously  than  many  things  superficially. 

Lindstrom  indeed  was  thorough  and  true-hearted  in  all  relations 
of  life.  Though  retiring  and  careless  of  popular  applause,  he  waa 
more  sensitive  of  the  opinion  of  others  than  he  might  have  been  had 
he  mixed  more  with  the  world.  It  were  fiEir  from  the  truth,  however, 
to  regard  him  as  a  narrow-minded  recluse.  He  interested  himself 
in  many  subjects  outside  those  of  pure  science,  and  one  soon  per- 
ceived Uie  sly  and  kindly  humour  that  twinkled  behind  his  spectacles. 
He  was  ever  ready  to  discuss  English  literature  or  politics.  Those 
of  other  countries  too,  perhaps ;  but  he  had  a  great  affection  for 
England,  which  he  visited  last  in  1874,  and  he  was  always  full  of 
reminiscences  of  Murchison  and  our  ancient  heroes  of  geology. 
Huxley  also  he  met  and  was  much  impressed  by,  and  hoped  that 
a  day  would  yet  come  when  a ''  Life  *'  would  be  written  that  would  da 
justice  to  "  that  great  and  good  man."  Most  of  his  important  worka 
were  written  in  English,  while  of  some  he  published  translations  in 
the  Gbolooioal  Magazine.  To  the  workers  from  all  countries  who 
made  pilgrimage  to  Gotland  or  to  Stockholm  he  was  attentive  and 
hospitable,  but  I  have  thought  that  the  particular  kindness  he 
showed  to  me  at  all  times,  and  specially  when  I  first  came  ta 
Sweden  an  unknown  student,  must  have  been  due  to  my  nationality. 
He  was  member  of  the  Russian  and  Prussian  Academies  of  Science, 
of  the  Belgian  Geological  Society  and  many  others,  but  few  hononra 
pleased  him  more  than  those  received  from  the  G^logical  Society  of 
London,  of  which  he  was  elected  Foreign  Correspondent  in  1885, 
Foreign  Member  in  1892,  and  whose  Murchison  Medal  he  received 
in  1895.  There  are  many  in  this  country  who  now  sorrow  for  his 
loss,  and  while  all  will  ever  honour  him  as  a  great  paliBontologist, 
there  are  not  a  few  who  will  long  remember  him  with  affection  aa 
a  personal  friend.  F.  A.  Bathbe. 
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L— Ths  Eabubsiv  Tbaoss  ov  Mah.^ 
By  ffir  HiNBT  H.  Howobth,  KC.I.B.,  P.R.8.,  P.G.S. 

THE  origin  of  Man  remaiDS  an  unsolved  problem.  In  spite  of 
very  keen  and  anxious  researohes,  extending  over  many  yea^ 
we  are  still  without  a  real  due  to  the  diffioulty.  Whenoe  and  how 
and  when  he  oame  we  do  not  know,  and  we  had  better  say  sow 

In  the  valley  of  the  Nile,  where  the  earliest  knowledge  of  writing 
has  been  traced,  our  written  records  take  us  back  perhaps  7,000 
years.  At  that  period  the  various  raoes  and  varieties  into  whioh 
the  human  raoe  is  divided  by  the  naturalist  were  apparently  com- 
pletely differentiated.  The  different  families  of  language  whioh 
the  philologer  has  discriminated  were  sharply  defin^,  while  his 
thought  and  the  products  of  his  thought  (of  which  language  is  an 
index),  of  comparative  archsdology,  mythology,  etc.,  eta,  show  that 
these  raoes  were  as  trenchantly  distinguished  as  they  are  now. 

Whatever  else  this  means  it  must  mean  (if  the  history  of  mankind 
has  been  continuous)  that  the  origin  of  man  is  a  long  way  off, 
a  much  longer  way  off  than  people  were  onoe  willing  to  admit. 
The  differences  and  distinctions  here  pointed  out  must  have  takea 
a  very  long  time  to  mature,  and  if  man  originated  in  one  stock, 
which  has  overspread  and  conquered  the  earth,  as  some  of  us  think, 
it  must  have  taken  a  vast  time  for  the  many  languages,  religions, 
customs,  and  thoughts,  whioh  characterize  his  many  and  varied 
dans  and  tribes  and  nations,  to  diverge  so  much  from  each  other. 

It  may  be  that  presently  with  the  assistance  of  comparative 
methods  applied  sdentifioally  to  language,  religion,  and  art,  we  may 
be  able  to  disentangle  the  crooked  threads  into  which  the  web  of 
human  progress  has  been  woven ;  but  this  must  take  a  long  time. 
It  will  involve  a  wide  and  searching  analysis  of  difficult  details, 

1 «« PalsBolithio  Man  in  Africa,"  by  Sir  John  Brans,  E.O.B.,  F.B.S. :  Proo.  Boy. 
Boa,  1900,  yoLkvL 

«  Eolithio  ImplementB,"  by  Bey.  B.  Aahington  Bnllen,  B.A.,  F.L.S.,  F.G.S. : 
Tranf.  Yict.  Inst,  1900. 

**  A  OoUection  of  Stone  Implements  in  the  Mayer  Mnsenm,"  by  H.  0.  Forbes, 
LL.D. :  BnlL  lirerpool  Mns.,  1900,  ii. 

'*Th6  Age  of  the  Surface  Flint  Implements  of  Egypt  and  Somaliland,"  by 
H.  0.  Forbes,  LL.D. :  BnlL  lareipool  Mns.,  1901,  iiL 
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and  will  probably  depend  a  good  deal  more  on  the  ethnographer 
and  the  linguist  than  on  the  archsBologist 

With  that  great  problem  we  have  not  at  present  to  do,  however. 
If  we  are  to  make  any  progress  at  all  we  must  limit  it  very  oon- 
siderably,  and  detach  ourselves  completely  from  suoh  ambitious 
issues  as  the  origin  of  Man,  etc.,  eto.,  as  we  must  from  all  attempts 
at  surveying  the  universe  from  China  to  Peru.  Our  geographical 
as  well  as  our  archsaological  frontiers  must  be  sharply  limited. 

Let  us  for  a  few  paragraphs,  therefore,  limit  ourselves  to  a  smaller 
area  and  narrower  conditions,  and  try  to  realize  what  we  have 
been  able  to  learn  of  the  oldest  inhabitants  of  the  European  area. 
It  will  readily  be  seen  that  the  problem  means  that  we  must 
summon  the  geologist  to  our  help.  The  problem  is,  in  fact,  as  much 
a  geological  as  it  is  an  arohseological  one.  It  depends  for  its  solution 
quite  as  much  upon  clearly  distinguishing  the  geological  horizon 
where  the  test  object  is  found  as  upon  the  character  and  appearance 
of  the  object  itself.  If  an  object  is  found  in  an  undisturbed  bed 
of  sand,  gravel,  or  clay,  It  must  if  thus  in  situ  be  as  old  as  the 
laying  down  of  the  bed  in  question,  and  that  is  a  geological  problem. 

The  first  step  taken  in  answering  the  question  we  are  discussing 
was  a  long  time  ago.  In  1713  an  implement  made  of  black  fiint 
and  of  the  type  now  known  as  Palaeolithic  was  discovered  with  the 
tooth  of  an  elephant  in  digging  gravel  in  Grays  Inn  Lane.  This 
implement  was  distinctly  recognized  as  of  human  workmanship, 
and  was  presented  to  the  British  Museum,  in  which  collection  it 
has  since  remained. 

In  the  catalogue  of  the  Sloane  Collection  we  find  the  following 
entry  in  regard  to  this  very  famous  relic : — "  No,  246,  a  British 
weapon  found,  mth  elephanVs  teeth,  opposite  to  black  St.  Mary's  near 
Or  ayes  Inn  Lane  (Conyers).  It  is  a  large  black  flint  shaped  into 
the  figure  of  a  spear  point  (K,).**  It  appears,  says  Sir  John  Evans, 
to  have  been  found  at  the  close  of  the  seventeenth  century,  and 
a  rude  engraving  of  it  illustrates  a  letter  on  the  antiquities  of 
London,  by  Mr.  Bagford,  in  1715,  and  printed  in  Hearne's  edition 
of  Leland's  "  Collectanea,"  i,  Ixiv.  From  his  account  it  would  seem 
that  the  skeleton  of  an  elephant  was  found  not  far  from  Battle- 
bridge  by  Mr.  Conyers,  and  that  near  the  place  where  it  wad  found 
**  a  British  weapon  made  of  a  flint  lance,  like  uuto  the  head  of  a  spear, 
was  dug  out"  (Evans,  '< Stone  Implements,"  2nd  ed.,  pp.  582-3). 
Sir  J.  Evans  gives  a  full-sized  illustration  of  this  very  interesting 
implement.  The  importance  of  this  discovery  was  not  recognized. 
Neither  the  geological  position  of  the  gravels  in  the  Thames  Valley 
nor  the  fact  of  the  elephant  in  question  having  been  an  extinct 
animal  could  then  be  known  or  appreciated,  and  the  discovery  was 
doubtless  treated  as  in  no  sense  an  extraordinary  one  from  the 
archBsological  side. 

The  next  recorded  step  taken  in  this  inquiry  was  also  made  in 
Britain,  namely,  the  discovery  by  John  Frere  in  1797  of  three  flint 
implements  of  the  same  type  in  the  beds  at  Hoxne  in  Suffolk,  which 
have  since  become  so  famous,  and  in  company  with  bones  of  great 
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size.  The  objects  in  question  were  found  twelve  feet  deep  in  the 
groond,  and  Frere,  who  clearly  discriminated  them  as  of  human 
workmanship,  says  of  them,  "  I  think  they  are  evidently  weapons  of 
war,  fabricated  and  used  by  a  people  who  had  not  the  use  of  the 
metals"  {Archaologia,  ziii,  103).  This  statement  was  the  first  one 
in  which  the  position  was  maintained  by  a  scientific  person  that  man 
had  passed  through  a  stage  of  culture  in  which  he  used  stone  only  for 
his  tools  and  weapons,  and  when  he  was  still  ignorant  of  the  use  of 
metals.  Beyond  this  Frere  could  not  of  course  go.  The  key  to  the 
whole  position  was  not  yet  available.  What  it  is  very  important 
to  remember  is,  that  long  before  the  question  was  sophisticated  by 
discussions  about  the  antiquity  or  origin  of  man,  and  when  it  was  a 
mere  question  of  discriminating  early  specimens  of  human  workman- 
ship, these  flint  objects  from  the  gravels  of  the  Thames  and  the 
so-called  diluvial  beds  of  Suffolk  were  distinctly  recognized  as 
having  been  made  by  human  hands. 

The  key  necessary  to  unlock  the  next  difiiculty  in  the  progress 
of  discovery  was  produced  by  Ouvier  in  1813,  when  he  showed  that 
the  remains  of  elephants  and  other  great  beasts  found  in  the 
superficial  beds  belong  to  species  no  longer  living. 

This  conclusion  ought  to  have  been  followed  by  its  natural 
corollary,  namely,  its  application  to  the  discoveries  already 
mentioned,  and  the  admission  that  man  was  contemporaneous  with 
the  extinct  animals ;  but  the  geology  of  the  surface  beds  (since 
known  as  Post-Tertiary  and  Pleistocene)  was  still  an  unexplored 
province  of  that  science ;  the  discoveries  in  question  were  buried  and 
forgotten,  and  Ouvier,  whose  researches  had  been  almost  entirely 
confined  to  the  Tertiary  beds,  where  he  had  chiefly  to  do  with  a  fauna 
all  of  which  had  passed  away,  not  unnaturally  adopted  a  sceptical 
attitude  in  regard  to  man  having  lived  with  animals  now  extinct 
He  had  met  with  no  examples  of  the  kind  himself,  and  naturally 
appealed  to  other  explanations  when  evidence  to  the  contrary  which 
seemed  ambiguous  was  produced. 

Such  evidence  was,  in  fact,  forthcoming  in  1823,  when  Ami  Bou^ 
brought  before  the  same  great  anatomist  the  discovery  of  some 
human  bones  found  in  the  widespread  loamy  deposit  of  the  Bhine 
Valley  known  as  loess  or  lehm.  This  discovery  was  made  near 
Lahr.     (See  Annates  des  Sciences  NatureUeSf  1829-50.) 

When  this  discovery  was  brought  before  Cuvier  he  refused  to 
accept  its  testimony.  Discussing  it  in  1831  (^'Discours  sur  les 
revolutions  du  globe,"  p.  29),  he  says,  ''Toute  porte  a  croire,  que 
Tesp^ce  humaine  n'existait  point  dans  les  pays  oi^  se  deoouvrent  les 
ossemens  fossiles,  h  r6poque  des  revolutions  qui  ont  enfoui  ces  os."  It 
can  well  be  believed  that  such  a  pronouncement  from  such  a  source 
largely  dominated  European  opinion  on  the  subject,  for  Cuvier's 
authority  was  naturally  paramount 

Tournal,  in  a  communication  addressed  to  the  Annates  des  Sciences 
Naturetles  in  October,  1828,  says  of  the  caverns  at  Bize,  near 
Narbonne,  "  human  bones  occur  in  the  same  beds  as  the  bones  of 
extinct  animals,  and  both  exhibit  the  same  chemical  and  organic 
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oharaoten/'  and  he  urges  that  the  existenoe  of  aotaally  fossil  haman 
remams  must  be  treated  as  a  question  in  suspense.  Inasmuch, 
however,  as  Toumal  tells  us  that  with  the  human  bones  were  found 
pottery  and  modem  marine  shells,  it  would  seem  that  the  remains 
must  in  part,  if  not  altogether,  have  belonged  to  so-called  Neolithio 
times.     (See  Amale9  de$  SeieneeB,  vol.  xv,  pp.  848-850.) 

In  1829  M.  Toumal  oommunicated  to  this  publication  further 
remarks  on  the  same  subject.  In  this  letter  he  refers  to  the 
researches  of  M.  Ohristol,  and  says  they  were  both  agreed  that 
the  existence  of  man  was  not  separated  from  that  of  the  extinct 
animals,  but  they  had  been  contemporaries.  He  says  that  M.  Ohristol 
had  shown  him  the  human  bones  which  he  had  found  in  the 
department  of  the  Gktrd,  i.e.  in  the  caves  of  Sauvignargues, 
Poudres,  eta,  and  that  it  was  impossible  to  distinguish  their 
oondition  from  that  of  the  bones  of  tigers,  lions,  and  hysdnas  found 
with  them.  Their  physical  and  chemical  condition  was  the  same, 
and  they  were  found  in  the  same  beds ;  while  in  regard  to  the 
bones  of  some  of  the  extinct  animals  he  had  himself  found  in  the 
cavems  of  Bize,  they  bore  the  character  of  having  been  cut  by  human 
weapons.     (Id.,  voL  xviii,  pp.  142  seq.) 

These  remarks  fell  upon  deaf  ears,  and  the  long  and  dreary  process 
of  sapping  and  undermining  the  prejudices  of  the  dominant  school 
of  geologists  had  to  be  pressed  for  many  a  long  year  before  Ihe 
position  was  stormed.  The  two  most  effective  workers  in  this  field 
both  died  without  their  conclusions  being  accepted.  One  of  them, 
who  spent  his  lifiB  and  his  fortune  in  exploring  the  caves  of  Belgium 
and  died  broken-hearted,  was  Schmerling.  The  other,  a  Roman 
Catholic  clergyman  called  McEnery,  did  corresponding  work  at 
Kents  Hole.  In  each  case  the  explorer  claimed  to  have  shown 
from  evidence  that  was  irreproachable  that  man  had  lived  con- 
temporaneously with  the  extinct  beasts,  and  had  left  his  remains 
mingled  with  theirs  in  the  red  earth  beneath  the  stalagmite  floors  of 
the  caverns. 

It  must  not  be  forgotten  that  the  person  who  persistently  in 
England  refused  to  accept  the  conclusion  of  the  contemporaneity  of 
man  and  the  extinct  beasts,  and  who  caused  McEnery's  now  famous 
memoir  to  be  locked  up  at  the  Boyal  Society  for  years  after  his 
death,  was  Huxley,  while  Owen's  views  on  the  matter  were  much 
more  enlightened. 

Meanwhile,  M.  Boucher  de  Perthes,  an  antiquary  at  Abbeville, 
became  convinced,  after  years  of  patient  search,  that  implements  of 
human  workmanship  occurred  in  the  undisturbed  gravels  of  the 
Somme  Valley,  and  must  date  from  the  time  when  those  gravels 
were  deposited.  He  had  preached  for  years  in  vain,  when  fortunately 
a  great  English  pahdontologist,  the  late  Dr.  Falconer,  passed  that 
way  and  was  persuaded  by  the  evidence  he  saw  that  H.  Boucher  de 
Perthes  was  right,  and  he  eventually  persuaded  Professor  Prestwich, 
Sir  John  Evans,  and  Sir  John  Lubbock  to  visit  Abbeville  and 
Amiens  and  to  explore  and  report  upon  the  facts.  The  result  of 
their  labours  was  embodied  in  a  famous  memoir  in  the  PhiloMophieal 
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JVanBacHons,  This  made  the  position  so  clear  and  patent  that  the 
pendnlam,  whioh  had  been  obstinately  pointed  to  the  reoenoy  of 
man,  swayed  right  over,  and  the  great  mass  of  soientifio  men  accepted 
what  they  had  previoasly  refused  to  credit 

It  most  be  remembered  by  all  those  who  tarn  to  this  famous 
memoir  that  its  authors  proved  nothing  whatever  new.  Their 
conclusions  were  those  which  had  been  arrived  at  by  Toumal 
and  Ohristol,  by  Schmerling  and  HcEnery,  long  before.  They 
merely  stamped  with  a  kind  of  official  sanction  wlukt  ought  to  have 
been  generally  received  before. 

The  memoir  in  question,  however,  gave  a  great  impetus  to  ttie 
inquiry  about  early  man  in  Europe,  and  the  credit  of  the  next  stCD 
in  the  enquiry  is  due  to  Lord  Avebury  (then  Sir  John  Lubbock) 
and  Professor  Dawkins.  It  was  Professor  Dawkins,  I  believe, 
who  first  definitely  showed  that  there  was  a  gap  in  the  history  of 
early  man,  which  was  indexed  and  measured  by  a  very  important 
palsdontological  fact,  namely,  that  of  the  separate  coexistence  of  man 
with  extinct  animals  and  his  ooexistence  witii  domesticated  animals, 
the  remains  of  the  two  sets  of  beasts  never  overlapping  so  far  as 
we  know.  This  remains  the  real  touchstone  separating  the  earliest 
known  men  in  Europe  from  their  successors. 

Sir  John  Lubbock  completed  Professor  Dawkins'  distinction  by 
giving  a  special  name  to  each  section  of  early  man.  The  men  who 
lived  with  the  extinct  beasts  and  used  roughly  chipped  tools  and 
weapons  he  styled  Palsdoliihio,  while  those  who  used  finely  chipped 
or  polished  weapons  apd  tools  and  had  domesticated  animals  he 
called  Neolithic. 

After  this  mapping  of  the  general  problem  a  vast  deal  of  work 
was  done  in  many  countries  defining  the  geographical  area  where 
PalsBolithic  man  lived,  and  describing  his  mode  of  life  and  sur- 
roundings, and  among  those  who  worked  most  assiduously  in  this 
behalf  none  have  earned  our  gratitude  more  than  Messrs.  Christy 
and  Lartet 

A  great  problem  still  remained  to  be  solved,  which  involves 
a  polemic,  though  one  in  which  the  strugglers  on  the  old  platform 
tire  becoming  fewer  and  fewer.  This  is  the  question  whether 
Paloolithic  man  lived  before  or  after  the  distribution  of  the  Drift ; 
on  this  question  I  have  myself  written  a  good  deal,  and  in  a  large 
work  to  be  shortly  published  have  tried  to  condense  a  vast  mass 
of  evidence  justifying  those  geologists,  and  I  believe  they  are  now 
the  large  majority,  who  hold  that  Palsdolithic  man  lived  before  the 
distribution  of  the  Drift,  and  that  the  great  gap,  which  is  recognised 
by  everyone,  between  Palsdolithio  and  Neolithio  man  is  coincident 
with  that  distribution  and  in  all  probability  connected  with  it 

In  quite  reoent  years  a  further  step  has  been  taken  which  I  believe 
will  be  eventually  justified.  The  period  before  the  Drift,  which  is 
specially  marked  by  the  presence  of  two  elephants  —  E.  antiqum 
and  prtmigemua — was,  I  believe,  perfectly  continuous  with  that 
known  as  the  Forest  Bed,  and  marked  by  the  presence  of  a  special 
fossil  elephant  bown  as  JS.  meridi<mali$.    The  two  were,  I  believe, 
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simply  phases  of  one  oontinuous  period.  It  would  not,  therefore,  be 
prima  fade  improbable  if  the  remains  of  Palasolithic  man  should  be 
found  in  the  Forest  Bed. 

Suoh  remains  are  claimed  to  have  been  found  at  that  horizon 
in  Norfolk  by  Mr.  Abbott  and  Mr.  Savin,  in  Dorsetshire  by 
Dr.  Blaokmore,  and  they  have  been  also  reported  from  the  same 
horizon  at  St.  Prest  in  France  and  in  the  Yal  d'Amo,  north  of 
Italy,  in  each  case  the  remains  of  human  workmanship  being 
accompanied  by  those  of  E,  meridionali$.  1  believe  these  finds 
are  quite  genuine.  They  are  what  we  should  prima  faeie  have 
expected,  and  so  far  as  we  know  they  are  the  earliest  remains  of 
man  hitherto  found. 

So  far  there  is  a  fairly  general  agreement  among  geologists  and 
archssologists  in  regard  to  the  evidence  about  primitive  man.  At 
this  point,  however,  a  clear  divergence  must  be  recognized.  A  small 
and  pertinacious  body  of  inquirers,  including  especially  Mr.  B. 
Harrison,  Mr.  W.  J.  Lewis,  and  the  Kev.  B.  A.  BuUen,  have  in 
season  and  out  of  season  insisted  that  traces  of  human  workmanship 
have  been  discovered  at  a  much  earlier  horizon  in  the  form  of  very 
rude  flint  implements  which  have  been  found  in  the  so-called 
plateau  gravels  of  Southern  England.  To  these  implements  the 
name  of  eoliths  has  been  given,  and  the  champions  of  their  age  and 
authenticity  number  among  them  no  less  important  persons  than 
Professor  Prestwich  and  Professor  Bupert  Jones.  They  have 
failed,  however,  to  secure  the  countenance  of  a  large  number  of 
sceptical  critics,  among  whom  I  confess  I  find  myself.  I  have  seen 
many  hundreds  of  these  eoliths,  but  I  have  seen  very  few  which 
seem  to  me  to  have  any  purpose  or  motive  of  any  kind  in  their 
shape  or  construction.  This  was  fully  admitted  by  Prestwich,  who 
confessed  that  the  number  of  these  stones  which  showed  any  rational 
purpose  in  their  shape  was  a  very  small  percentage  indeed,  and 
surely  this  ought  to  be  the  first  and  prime  necessity  in  attributing 
them  to  human  handiwork.  It  was  this  special  feature  in  the 
palasoliths  of  the  river  gravels  and  the  caves  which  made  men  first 
assign  them  to  human  handiwork.  How  can  this  same  conclusion 
be  applied  to  thousands  of  shapeless  stones,  whose  irregular  outlines 
defy  all  classification  ?  The  champions  of  the  stones  fall  back  upon 
a  class  of  tools  whose  shape  aeed  not  be  very  precise,  and  to  read 
their  lucubrations  one  would  suppose  that  the  men  and  women  who 
used  these  eoliths  were  engaged  from  January  to  December  in 
nothing  else  but  scraping  skins.  Some  have,  in  fact,  suggested  that 
they  did  nothing  else  than  scrape  their  own  skins,  and  that  the 
eoliths  performed  the  double  function  of  strygils  and  vermin-killers  1 
There  are  no  arrow-heads  amongst  these  stones,  no  lances,  no 
tools  such  as  we  are  accustomed  to  find  among  recognized  paheoliths. 

What  we  do  find,  and  what  needs  explanation,  is  a  laige  number 
of  once  angular  flints  whose  angles  have  been  rubbed  down  by 
trituration,  probably  in  a  stream,  and  whose  edges  have  been  snipped 
all  round  their  sinuous  outlines.  This  snipping  seems  to  be  the  only 
reasonable  ground  for  attributing  them  to  human  hands.     I  am 
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bound  to  say  it  appears  to  me  a  very  orade  and  remote:  reason 
upon  which  to  base  such  a  stupendous  hypothesis. 

Apart  from  the  charaoters  of  the  stones  themselves,  there  is  the 
difficulty  of  their  geological  age.  In  the  book  already  referred  to 
which  I  am  about  to  publish,  the  age  of  the  southern  gravels  will, 
among  other  things,  be  discussed.  I  have  ventured  to  argue  in  it 
once  again  that  these  plateau  gravels,  as  now  distributed,  were  not 
the  result  of  diurnal  causes,  fluviatile  or  otherwise,  but  of  the  same 
general  cause  which  laid  down  the  great  mass  of  the  drift  and  which 
acted  independently  of  the  contour  of  the  country.  I  cannot,  there- 
fore, see  in  these  gravels  any  traces  of  that  vast  lapse  of  time 
postulated  by  the  champions  of  the  human  origin  of  the  eoliths,  and 
on  the  supposition  that  they  were  of  vastly  greater  age  than 
palaaoliths. 

We  must  remember  another  fact,  namely,  that  the  types  we  style 
Palsdolithic,  which  are  well  marked,  can  now,  as  we  have  seen,  be 
traced  back  to  the  horizon  of  the  Forest  Bed.  It  is  very  strange 
that  some  of  them  should  not  occur  with  these  eoliths  in  the  plateau 
gravels,  that  in  many  places  they  should  not  overlap  and  be  found 
mixed  together,  and  that  nowhere,  so  far  as  we  know,  should  these 
same  eoliths  be  found  with  the  remains  of  extinct  animals  by  which 
their  real  age  could  be  tested.  How  is  it  they  do  not  occur  in  the 
caverns  or  in  the  brickearths  and  gravels  of  the  valleys,  and  how  is 
it  there  is  no  continuity  of  shape  and  contour  with  their  successors  ? 
It  is  these  questions  which  stiffen  our  obstinacy  and  increase  our 
scepticism  about  these  so-called  eoliths. 

A  few  words  about  another  matter.  As  we  have  seen,  the  real 
and  logical  distinction  in  Europe  between  the  so-called  Palsdolithic 
and  the  so-called  Neolithic  age  is  the  existence  of  a  gap  hitherto 
unbridged.  On  the  one  side  we  find  articles  of  human  workmanship 
associated  with  extinct  beasts,  and  on  the  other  with  domesticated 
animals,  the  two  never  having  been  found  mixed  together.  This  is 
the  real  and  supreme  distinction ;  for  in  regard  to  the  shapes  of  the 
implements,  their  mode  of  tooling,  eta,  intermediate  forms  occur — 
perhaps  I  ought  to  say  necessarily  occur.  The  significance  of 
this  gap  is  a  polemical  subject  To  me  it  has  always  meant  a  great 
catastrophe,  and  I  have  urged  it  in  many  ways  and  produced  the 
evidence  for  it  in  many  quarters,  and  was  never  more  convinced 
of  its  occurrence  than  at  this  moment  I  have  never,  however, 
argued  that  this  catastrophe,  whatever  it  was,  overwhelmed  the 
greater  part  of  Africa.  That  continent  seems  to  have  a  very  long 
history  as  a  oontinnoos  subaerial  surface.  Its  black  races  represent 
very  primitive  forms  of  man,  many  of  them  hardly  changed  for 
thousands  of  years,  and  living  apparently  very  much  in  the  same 
way  and  with  the  same  surroundings  as  Palsaolithic  man  had  in 
Europe. 

Palsaolithic  man  may  therefore  be  said  to  still  survive  in  Africa.  It 
is  consequently  not  wonderful  that  in  several  places  on  that  continent, 
notably  in  South  Africa,  in  Somaliland,  and  in  the  Sahara,  implements 
called  Palaeolithic  have  occurred  in  large  numbers,  not  buried  in 
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gravel  beds  contaming  the  bones  of  extinct  animals,  but  lying  about 
on  the  surface,  their  age  being  therefore  quite  indefinite.  To  call 
them  palsdoliths  seems  a  misnomer,  for  that  term  has  an  arohseologioal 
sense  in  Europe  and  defines  a  geological  horizon  whioh  it  is  im- 
possible to  equate  with  anything  in  Africa,  where  traces  of  the 
catastrophe  we  have  mentioned  and  of  the  gap  which  it  caused 
are  not  available.  And  if  we  are  to  justify  the  use  of  the  term, 
it  must  be  apart  altogether  from  its  defining  a  geological  period 
or  a  particular  archsdologioal  horizon,  and  merely  as  marking 
a  stage  of  culture.  Hence  we  have  had  recently  a  mighty  fight, 
which  has  been  largely  upon  the  connotation  of  a  name.  This 
fight  has  occupied  the  pens  of  Sir  John  Evans  and  Dr.  Forbes, 
both  of  whom  have  written  witii  the  skill  and  knowledge  that 
might  have  been  expected  of  them.  The  issue  has  been  com- 
plicated by  the  fact  that  Africa  north  of  the  Atlas  Mountains 
is  zoologically  and  archadologically  a  part  of  Europe.  In  Algiers 
evidence  is  ample  that  the^same  destruction  of  Pleistocene  animals, 
marked  by  their  rapid  entombment  in  gravel  and  brickearth,  took 
place  as  occurred  in  Europe ;  and  there,  as  in  Europe,  the  traces  of 
Falsdolithio  man,  properly  so  called,  have  been  found  in  the  gravels 
and  drift-beds  associated  with  the  extinct  beasts,  a  fact  to  which 
Sir  John  Evans  has  called  especial  attention.  In  the  valley  of  the 
Nile  similar  remains  of  man  were  found  long  ago  by  Qeneral  Pitt- 
Elvers  in  the  breccias  and  coarse  gravels  of  the  great  valley,  and 
here  also  may  claim  to  be  truly  Palsaolithic.  But  in  the  case  of  the 
surface  implements  from  Somaliland  and  the  country  of  the  bushmen, 
we  must,  if  we  are  to  be  precise,  be  careful  that  in  applying  the 
term  PaliBolithic  we  do  not  in  some  way  imply  great  age,  for  all  it 
may  mean  is  a  mere  survival,  just  like  the  survival  of  the  stone 
lamps  of  the  Esquimaux  and  the  stone  pots  and  pans  of  the 
Hebridean  cottiers. 


II. — ^Thb  Oibculation  of  Salt  and  Gkologioal  Tnuc 

By  Profeoflor  J.  Jolt,  M.A.,  D.Sc,  F Jt.S. 

"OBOM  time  to  time  I  have  received  from  correspondents 
JC  suggestions  that  the  method  of  determining  the  geological 
age  of  the  Earth  by  the  rate  of  solvent  denudation  of  sodium  might 
be  open  to  considerable  error  if  the  allowance  made  in  my  paper 
(Trans.  B.D.S.,  ser.  n,  vol.  vii),  for  sodium  chloride  carried  from 
the  sea  by  winds  and  washed  from  the  atmosphere  by  rain,  was 
seriously  at  fault  These  suggestions  arise  from  incomplete  study 
of  the  quantities  involved.  Had  more  space  been  given  in  my 
paper  to  this  question,  the  hasty  criticisms  I  have  had  to  contend 
with,  doubtless,  would  be  less  often  advanced.  The  whole  matter 
is  capable  of  the  simplest  arithmetical  statement,  and  the  limit  of 
error  arising  from  this  source  easilv  defined.  Beoently  one 
gentleman  has  written  at  considerable  length  on  the  matter  in  tiro 
pages  of  the  Ohemcal  News.  I  have  replied  to  Mr.  Ackroyd  in 
that  journal.     But  the  definition  of  the  limit  of  error  referred  to. 
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and  the  oonsideration  of  some  other  points  raised  in  the  disoassion, 
are  more  in  plaoe  in  a  geological  than  in  a  ohemioal  journal. 
I  would  therefore  seek  for  spaoe  in  the  Gkologioal  Maoazihb 
wherein  to  repeat  in  part  what  I  have  said  in  the  Chemical  News, 
adding  some  matters  more  especially  suited  to  geological  readers. 

If  all  the  chlorine  in  rivers  were  combined  with  sodium  present 
in  the  river-water,  much  the  larger  part  of  the  sodium  would  remain 
over.  The  quantity  of  sodium  in  river- water  which  finds  its 
•equivalent  of  chlorine  in  the  water  requires  special  oonsideration. 
It  obviously  may  in  part  be  derived  from  the  ocean  by  the  agency 
of  winds  and  rains.  That  this  part  only  can  be  considered  as 
derived  from  such  a  source  a  simple  proof  is  given  later  on.  The 
question  then  arises  as  to  what  amount  of  sodium  chloride  is 
observed  to  fall  in  rain,  or  what  amount  of  chlorine  falls  with  rain ; 
the  assumption  being  made,  not  quite  accurately,  that  the  sodium 
oarried  by  rain  is  measured  by  the  chlorine  present 

Very  full  information  relating  to  the  chlorine  content  of  rain- 
water falling  in  various  parts  of  England  and  Scotland,  and  some 
other  coastal  parts  of  the  world,  is  on  record.  What  is  wanted  is 
fuller  knowledge  of  the  chemical  character  of  rains  falling  in  inland 
areas,  more  especially  as  to  their  content  of  sodium.  The  broad 
fact  at  our  disposal  is,  that  as  we  proceed  inland  a  rapid  diminution 
of  the  percentage  of  chlorine  appears.  In  inhabited  parts  of 
Europe  but  200  miles  from  the  sea,  the  proportion  observed  appears 
to  be  one-twelfth,  normally,  of  what  is  observed  30  or  40  miles 
from  the  sea.  In  India,  about  300  miles  from  the  sea  it  was  found 
to  be  0-04  per  100,000. 

In  a  country  like  ours  where  no  point  is  more  than  a  few  score 
miles  from  the  sea,  coastal  conditions  prevail  over  its  entire  area. 
Even  within  the  small  British  area,  however,  there  appears  to  be 
a  rapid  diminution  in  the  proportion  of  chlorine  carried  by  the 
wind  to  more  inland  parts.  This  is  observed  even  in  the  more 
inhabited  parts,  notwithstanding  the  fact  pointed  out  by  Dr.  Angus 
Smith  that  where  ooal  is  being  consumed  on  a  considerable  scale 
this  proportion  must  be  expected  to  rise.  Although  this  is  so,  I  do 
not  think  it  can  be  doubted  that  a  large  part  of  the  chlorine  of 
British  rivers,  and  of  well  waters  also,  must  be  sea-derived. 
A  simple  comparison  of  the  chlorine  content  of  British  surface 
waters  and  of  rain,  bearing  in  mind  the  inevitable  concentration  of 
the  latter  by  evaporation,  sufficiently  demonstrates  this  fact. 
This  is  pointed  out  in  my  paper  '<  An  Estimate  of  the  Geological 
Age  of  the  Earth  "  (p.  35). 

In  inland  countries  on  the  other  hand  it  is  extremely  doubtful, 
according  to  our  present  knowledge,  if  any  of  the  chlorine  observed 
in  ndn  is  derived  from  the  sea,  for  the  circulation  of  salt  from  the 
oarth  to  the  air  or  from  inland  salt  deposits,  along  with  other  mineral 
dust,  may  be  accepted  as  inetntahle.  Raised  with  every  wind,  again 
washed  down  wiUi  rains,  evaporated  to  dryness,  and  again  raised 
mingled  with  the  light  dust  of  soils,  an  amount  of  saline  matter 
oomparable  with  so  minute  a  quantity  of  chlorine  as  was  observed 
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in  India  might  well  oiroolate  from  the  earth  to  the  air,  and  be 
retamed  by  the  rains  to  the  rivers.  Such  ohlorine  is,  of  oonrse, 
derived  by  solvent  denudation  from  the  soils. 

Mr.  Ackroyd  (Chemical  News,  June  7th,  1901)  goes  so  far  as  to 
assume  that  the  inland  salt  lakes  must  owe  their  salts  mainly  to 
wind-borne  ohlorine.  That  some  of  the  salt  lakes  of  the  earth 
situated  near  the  ocean,  or  in  the  track  of  storms,  or  even  of 
prevailing  winds  from  the  sea,  derive  oontributions  of  salts  from 
the  ocean,  is  probable.  Calculations  have  been  made  by  Pierre  in 
France  and  others  showing  how  considerable  in  amount  the  salts 
carried  from  the  sea  in  immediate  coastal  regions  may  be.  It  is, 
however,  only  necessary  to  refer  to  the  chemical  composition  of  the 
salt  lakes  themselves  to  see  that  any  such  origin  for  the  greater 
mass  of  the  salts  present  is  totally  inadmissible.  The  Dead  Sea, 
for  instance,  shows  a  very  large  excess  of  magnesium  salts  over 
sodium  salts,  their  chlorides  constituting  15*9  per  cent,  and  3*6  per 
cent,  respectively  of  the  total  solids.  There  is  even  a  laige  excess 
of  calcium  over  sodium  in  its  waters.  In  the  Great  Salt  Lake  the 
proportions  are  just  the  other  way;  the  peroentages  are  nearly 
marine,  11*9  of  sodium  chloride  and  very  little  magnesium  chloride, 
but  1*1  per  cent  There  is  relatively  very  little  calcium.  Now 
this  is  the  more  embarrassing  for  Mr.  Ackroyd's  hypothesb,  in  that 
the  first  lake  is  close  to  the  sea,  the  latter  very  remote  from  it 
Thus  the  lake  which  is  most  favourably  situated  for  the  rain  supply 
of  sea-salts  is  just  that  one  which  most  completely  departs  in  its 
chemical  composition  from  that  of  the  ocean.  Again,  we  find  a  lake 
such  as  the  Elton  Lake  of  the  Eirghis  Steppe,  200  miles  from  the 
Caspian,  possessing  a  chemical  composition  approximating  to  that  of 
the  Dead  Sea :  19-7  per  cent,  of  Mg  CI,  5*8  per  cent  of  Mg  S  O4,  and 
8*8  per  cent  NaCl.  Calcium  is,  however,  in  its  case  absent  or 
inappreciable.  Now  while  the  observed  wide  differences  in  chemical 
composition  are  entirely  at  variance  with  a  pluvial  origin,  the  rain 
being  supposed  to  derive  its  burden  from  the  common  reservoir  of 
the  ocean  (almost  homogeneous  in  composition),  they  are  quite  i^ 
accord  with  an  origin  by  solvent  denudation,  as  a  glance  at  the 
considerable  differences  of  river  analyses  will  show,  and  as  indeed 
would  be  a  priori  inferred  from  the  wide  range  of  solubility  and 
chemical  composition  of  the  surface  materials  of  the  earth. 

But  all  indirect  arguments  as  to  the  magnitude  of  the  error  which 
might  arise  from  the  circulation  of  sea-salt  must  be  used  in  sub- 
ordination to  a  simple  demonstration,  on  the  known  facts,  of  the 
magnitude  of  the  maximum  error  possible  from  this  souroe.  The 
estimation  of  the  maximum  error  is  easily  arrived  at. 

Professor  Dittmar  in  his  report  on  the  chemical  composition  of 
the  ocean  shows  that  the  amount  of  chlorine  present  is  in  exc€$9 
of  the  sodium,  so  that  attaching  chlorine  ions  to  sodium  ions  there 
remains  over  a  large  excess  of  chlorine,  appearing  in  the  statement 
of  total  solids  as  10*8  per  cent,  of  MgCl.  We  have,  in  fact,  77-7 
per  cent,  of  Na  CI  and  10*8  per  oent  of  Mg  CL  A  simple  calculation 
will  show  that  it  results  that  18  per  oent.  of  the  CI  must  be 
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otherwise  allocated  than  to  the  sodiom,  or  is,  in  short,  in  excess 
of  the  01  equivalent  of  the  sodium  present 

Now  it  is  certainly  a  fair  assumption  that  if  rain  receives  its  salts 
from  sea  spray  a  similar  excess  of  CI  ions  over  Na  ions  will  obtain 
in  rain-water.  We  must  at  least  conclude  (in  deference  to  the 
current  belief  that  the  proportions  of  salts  in  rain-water  and  sea- 
water  are  not  generally  quite  in  accord)  that  the  sodium  equivalent 
of  the  chlorine  found  in  rain-water  constitutes  an  excessive  estimate 
of  the  former.  Pierre's  results,  to  which  I  have  already  referred, 
fully  confirm  this  statement.  He  finds,  in  kilogrammes  received 
per  hectare  per  annum,  quantities  of  sodium  chloride  and  other 
chlorides,  as  well  as  of  sodium  sulphate,  which  afford  29*7  kilos 
of  chlorine  and  17*72  kilos  of  sodium.  Ascribing  to  this  amount 
of  sodium  its  equivalent  of  chlorine,  we  have  still  a  balance  of 
over  8  per  cent  of  the  chlorine.* 

We  now  turn  to  what  we  know  of  the  chemical  constitution 
of  river  salts.  I  take  Sir  J.  Murray's  mean  analyses  of  nineteen  chief 
rivers  of  the  world.  Here  we  find  the  striking  fact  that  there 
is  a  large  excess  of  sodium  over  chlortne :  or  the  conditions  of  the 
sea  are  reversed.  We  find,  in  fact,  157  x  10«  tons  of  sodium  and 
84  X  10*  tons  of  chlorine  carried  to  the  ocean  per  annum,  and  as 
the  combining  weights  of  these  elements  are  to  one  another  as 
23  :  35  it  will  appear  that  considerably  the  larger  part  of  the  sodium 
of  rivers  must  exist  otherwise  combined  than  with  chlorine,  were  the 
ionizing  conditions  removed.  Let  us  now  go  so  far  as  to  assume 
that  all  the  chlorine  in  rivers  is  derived  from  rain,  and  that  thia 
brings  into  the  rivers  its  full  equivalent  of  sodium,  and  we  can 
obviously  calculate  the  maximum  possible  effect  upon  the  age  of 
the  Earth  arising  from  the  circulation  of  salt.  (This  can  fall  short 
of  the  maximum  only  on  the  assumption  of  a  selective  retention  of 
chlorine  in  soils,  for  which  I  know  of  no  evidence.)  In  this  method 
of  treating  the  quantities  at  our  disposal  we  leave,  in  short,  the 
whole  of  the  sodium  equivalent  of  the  chlorine  of  rivers  out  of 
account  in  deducing  the  age  of  the  Earth.  The  result  of  the  new 
joalculation  is  that  the  previous  estimate  of  96  millions  of  year» 
rises  to  under  148  millions  of  years.  This  result  is,  however,  over 
the  maximum  deducible  even  from  the  foregoing  assumptions,  for 
as  we  diminish  our  estimate  of  the  chlorine  derived  by  solvent 
denudation  during  geological  time  we  increase  the  estimate  wo 
necessarily  make  for  original  sodium  in  the  ocean  derived  by 
a  primeval  acid  denudation  effected  by  free  HOI  (for  we  must 

1  Pierre's  figures  for  the  several  salts  in  the  units  mentioned  above  are  — 

NaCl         37-6 

KCl  8-2 

MgCl,        2-6 

CaCl,         1-8 

Na,S04     8-4 

K3O4       8-0 

CaSO.       6-2 

MgSO*      6-9 

A  rainMl  of  60  cm.  per  amiiim  is  assumed. 
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assume  so  muoh  more  ohlorine  to  have  been  free  in  the  ori^nai 
atmosphere),  and  thus  we  are  bound  to  diminish  oar  numerator 
as  well  as  our  denominator.  The  final  result  would  be  141  X  10* 
years.  In  obtaining  this  figure  we  simply  assume  that  no  part  of 
the  chlorine  now  in  the  ocean  was  at  any  time  contained  in  the 
rooks,  and  that  in  a  period  of  primeral  acid  denudation  it  acted 
as  H  CI  to  bring  chlorides  into  the  original  ocean.  In  other  words, 
that  the  28,316  x  10  >'  tons  of  01  now  in  the  ocean  took  part 
in  the  primeval  denudation,  6*7  per  cent,  of  it  uniting  with  sodium, 
and  thus  bringing  1,250  x  10^  tons  of  sodium  into  the  primeval 
ocean,  the  calculation  being  made  on  the  basis  defined  in  my  paper. 
Deducting  this  from  the  15,627  x  10"  tons  of  Na  now  in  the  ocean, 
we  have  14,877  x  10"  tons  to  be  accounted  for  by  the  annual  river 
supply.  On  our  present  assumptions  the  annual  supply  is  not  to  be 
taken  at  its  full  value  of  157  x  10*  tons,  but  this  reduced  by  the 
sodium  equivalent  of  the  whole  of  the  chlorine  in  rivers  (that  is,  the 
equivalent  of  84  x  10*  tons),  i.e.  55  x  10*  tons.  The  geological 
age  is  therefore  the  quotient  of  14,877  x  10"  by  102  x  10«,  which 
is  rather  less  than  141  million  years. 

The  assumptions  made  in  obtaining  this  upper  limit  are,  I  need 
scarcely  point  out,  unjustifiable.  We  are  not  at  liberty  to  ascribe 
all  the  chlorine  of  the  rivers  to  rain.  Whether  derived  directly 
from  the  rocks  and  soils,  eztravasated  deposits  (as  when  oontained 
in  ore  deposits),  or  from  accumulations  due  to  past  or  present  inland 
denudation  in  <  rainless '  areas,  this  element,  so  far  as  it  is  a  carrier 
of  sodium,  must  enter  our  denominator.  Nor  can  we  assume  the 
chlorine  of  rain-water  a  fair  measure  of  sodium  transported  from 
the  sea,  seeing  that  such  chlorine,  if  directly  sea-derived,  should,  to 
the  extent  of  18  per  cent,  exist  combined  with  magnesium  or  other 
element,  and  according  to  observation  does  so  exist  to  the  extent 
of  over  8  per  cent  And  again,  what  chloride  of  sodium  is  found 
in  rain-water  is  very  surely  in  part  derived  from  the  land.  Finally, 
what  we  know  of  the  percentage  of  chlorides  in  inland  rains 
points  to  a  supply  inadequate  to  furnish  the  quantities  appearing 
in  Sir  J.  Hurray's  analysis  of  mean  river-water,  for  of  coastal  rains 
by  far  the  greater  part  finds  its  way  back  quickly  and  directly  to 
the  sea  by  the  small  rivers  and  streams,  and  does  not  enter  into  the 
composition  of  the  larger  rivers,  the  catchment  areas  of  whicb  are 
either  far  inland  or  rise  on  the  land  side  of  the  great  mountain 
ranges.  The  amount  of  chlorine  appearing  in  the  mean  river- water 
is  a  little  over  030  part  per  100,000.  Oontrast  this  with  the 
estimate  0*04  obtained  800  miles  from  the  sea  in  India,  or  the 
Darmstadt  estimate  0*09  part  per  100,000,  both  localities  being 
still  relatively  close  to  the  sea.  On  all  these  grounds  I  have 
restricted  my  allowance  for  rain-borne  chloride  of  sodium  to  10  per 
cent,  of  what  appears  in  rivers. 

We  might  base  an  allowance  on  the  scanty  knowledge  we  possess 
as  to  the  chlorine  content  of  rains  falling  some  800  miles  from  the 
sea.  Let  us  accept  040  per  100,000  as  the  average  amount  of  01 
carried  by  rains  to  the  rivers  after  evaporation,  and  assume  that  all 
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thk  Tfas  of  marine  origin  and  brought  with  it  its  fall  equivalent  of 
sodium.  We  thus  assume  that  one-third  of  the  chlorine  in  rivers  is 
derived  from  the  ocean.  We  will  now  calculate  what  correction  on 
the  96  millions  of  years  this  allowance  will  involve. 

The  total  chlorine  discharged  by  rivers  annually  into  the  ocean  is 
84  X  10*  tons,  and  33  per  cent  of  this  is  28  x  10*  tons ;  this  is, 
we  assume,  derived  from  the  ocean.  Of  the  total  01  discharged  by 
rivers  we  see  that  56  x  10*  tons  (the  part  derived  from  the  rocks) 
are  not  cydioal. 

The  33  per  cent  of  chlorine  which  is  wind-carried,  as  we  assume^ 
has  a  sodium  equivalent  of  18*4  x  10*  tons.    Deducting  this  from 
the  total  annual  river  supply  of  sodium,  Le.  from  157*3  x  10*  tons, 
we  have  138*9  x  10*  tons  derived  from  the  rocks. 
Let  now  N  «  the  sodium  now  in  the  ocean  ^  15,627  x  10^. 

n  ->  the    quantity    of   sodium    derived    from    solvent 
denudation  and  discharged  annually  by  rivers 
- 138*9  X  10*. 
C  ->  quantity  of  chlorine  now  in  the  ocean 

-  28,316  X  lO**. 

e  ->  quantity  of  chlorine  derived  by  solvent  denudation 

and  annually  discharged  by  rivers  «  56  x  10*. 

(All  in  tons.) 

If  now  X  mm  Geological  Time,  we  see  first  that  the  quantity  of 

chlorine  eX  was  derived  from  the  rocks  during  the  time  X,  and 

therefore  the  amount  C—  cX  must  have  originally  been  free  in  the 

primeval  atmosphere.    I  have  shown  in  my  paper  on  the  Age  of  the 

Earth  that  there  is  reason  to  believe  that  6*7  per  cent,  by  weight  of 

such  free  chlorine  would  take  up  sodium  from  the  earth-crust 

Ocmsequently,  the  weight  of   sodium  brought   in,  expressed    as 

a  fraction  of  the  free  chlorine,  is  i%V  X  H,  the  last  fraction  being 

the  ratio  of  the  combining  weights.     This  factor  becomes  0*044 

when  reduced.    In  other  words,  the  mass  of  sodium  brought  into  the 

primeval  ocean  was  0*044  (0  —  eX). 

Hence  the  equation  for  Geological  Time  will  be — 
^     y- 0*044  (C-cZ) 
n 
and  from  this  we  have— 

y- 0*044  C 
n  -  0*044  c 

Inserting  the  numbers  given  above,  we  get  X  «  105  X  10*. 

Allowing,  as  I  have  done  in  my  first  paper,  a  deductive  correction 
for  direct  coastal  denudation,  we  may  state  our  final  result  as  just 
about  one  hundred  millions  of  years.  We  are  not  justified  in  stating 
our  result  more  definitely.  We  keep  in  mind  that  our  knowledge  of 
river  analysis  and  of  ocean  mass  are  certainly  not  final. 

So  far,  then,  as  error  from  rain-borne  chloride  of  sodium  can  affect 
our  result,  surely  the  limits  are  fixed  with  sufficient  straitness  I 
We  have,  without  any  further  deductions,  96  millions  of  years  if  we 
accept  the  correction  of  10  per  cent  on  the  chloride  of  sodium  of 
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rivers ;  we  have  105  millions  of  years  if  the  correction  should  he 
33  per  cent  I  do  not  helieve  an  unbiassed  consideration  of  the 
knowledge  at  our  disposal  will  permit  of  an  allowance  larger  than 
the  latter. 

I  have  given  the  foregoing  estimation  in  its  algebraic  form  in 
consequence  of  the  remark  of  a  writer  in  Nature  (in  a  review  of  my 
paper)  that  it  was  a  pity  that  the  age  of  the  Earth  has  to  be  asBumed 
in  making  allowance  for  the  primeval  acid  denudation.  Such 
assumption  of  the  duration  we  seek  to  determine  is  not,  however, 
necessary,  as  the  foregoing  algebraic  statement  shows. 

The  teaching  of  the  calculation  which  I  gave  in  my  original 
paper,  that  the  missing  sodium  of  the  rocks  is  equal  to  or  in  excess 
of  that  added  to  the  ocean  during  geological  time,  has  been  taken  by 
some  as  by  no  means  opposed  to  the  view  that  the  ocean  may  have 
primevally  contained  the  greater  part  of  its  present  sodium,  or  to 
a  rapid  convergence  in  the  rate  of  solvent  denudation. 

The  greater  part  of  these  sediments,  we  are  assured,  were  laid 
down  under  conditions  not  even  inimical  to  life,  or,  as  Sir  Archibald 
Geikie  has  contended  for  the  very  ancient  Torridonian  rocks,  under 
physical  conditions  much  as  obtain  to-day.  But  this  is  not  all. 
The  oldest  sediments  are  just  those  which  are  chemically  the  least 
impoverished  and  the  least  washed  out  of  the  whole  series,  and, 
indeed,  might  almost  be  identified  by  their  higher  alkali  percentages. 
This  fact  is  obviously  quite  opposed  to  the  view  that  they  were 
exposed  to  more  intense  solvent  actions  than  obtain  to-day.  In 
a  word,  the  internal  evidence,  chemical,  physical,  and  organic, 
afforded  by  the  successive  strata,  controverts  the  convergence  of 
denudative  activity  which  some  have  casually  assumed,  and  in 
the  light  of  this  fact  the  calculation  in  question  dots  oppose  the 
theory  of  a  sodium-charged  primeval  ocean.  We  are  assured,  in 
fact,  that  the  introduction  of  sodium  age  by  age  had  to  wait  upon 
the  denudation  of  the  rocks,  and  was  thus  regulated  by  a  rate  to 
which  we  know  of  no  disturbance. 


III. — On  the  Enon  Conolomebatb  of  the  Cape  of  (}ood  Hope, 
AND  ITS  Fossil  Esthebijb. 

By  Professor  T.  Rupbrt  Jones,  F.R.S.,  F.G.S.,  etc. 

IN  the  **  Annual  Beport  of  the  Geological  Commission  "  published 
at  Gape  Town  in  1895,  Dr.  Corstorphine  refers  at  pp.  16-19 
to  the  extent  and  features  of  the  Enon  Conglomerate,  and  to  l^e 
occurrence  of  fossil  Estheria  in  some  of  its  strata.  His  two  assistant 
geologists,  Messrs.  A.  W.  Rogers  and  E.  H.  L.  Schwartz,  in  their 
'<  Reports  on  the  Southern  Districts  between  Breede  River  and 
(George  "  and  **  On  Oudtshoom,"  at  pp.  73,  76-79,  describe  in  detail 
the  position  and  characters  of  the  Enon  Conglomerate  and  its 
*  JSstheria  shale.' 

This  Conglomerate  (with  its  sandstones  and  shaly  beds)  occurs  in 
the  Breede  River  valley,  Worcester  Division  of  the  Western  Province, 
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and  extends  to  Asliton  and  the  Swellendam  Division,  just  south  of 
the  Langebergen ;  it  covers  also  a  large  area  eastwards  as  far  as 
Mossel  Bay,  and  along  the  valley  of  the  Olifant's  Biver  in  the 
Ondtshoom  District,  just  south  of  the  Great  Zwarteberg  range.  This 
formation  consists  of  a  quartzose  conglomerate  with  a  ferruginous 
cement,  and  with  intercalated,  variable,  lenticular  sandstones.  In 
general  it  is  less  than  50  feet  thick,  but  in  some  places  the  con- 
glomerate hills  rise  400  feet  above  the  valleys  (pp.  16  and  17). 

At  about  30  miles  east  of  Swellendam,  and  20  miles  from  the  sea, 
there  is  an  outlier  of  Enon  Conglomerate,  on  which  are  the  two  towns 
of  Heidelberg  and  Biversdale.  In  the  vicinity  of  the  former  rises 
the  Duiv^nhocks  Biver,  which  runs  down  to  the  sea  at  St.  Sebastian 
Bay.  Near  Heidelberg  occur  the  shaly  arenaceous  strata,  with 
multitudes  of  flattened  Estheria  on  the  bed-planes. 

The  name  *  Enon  Conglomerate '  was  first  used  by  Dr.  W.  Quybon 
Atherstone  {Eastern  Province  Monthly  Magazine,  vol.  i,  No.  10,  June, 
1857,  p.  528),  for  the  quartzose  conglomerate  which  he  noticed  at 
Enon,  in  the  Alexandria  Division  of  the  Eastern  Province,  among 
the  upper  waters  of  the  Sunday's  Biver,  on  the  flank  of  the 
Zunrberg.  The  name  has  been  adopted  by  oUiers,  and  used 
particularly  in  Mr.  E.  J.  Dunn's  Qeological  Map  of  South  Africa. 

Mr.  A.  G.  Bain's  section  and  remarks  at  p.  58,  vol.  vii.  Trans. 
Geol.  Soa,  ser.  ii,  1845,  indicate  this  conglomerate  and  some  over- 
lying portions  of  the  Wood-bed  series  of  the  Uitenhage  Jurassic 
formation,  in  Lower  Albany,  north  of  the  Bushman  Biver.  Mr.  Bain 
also  noticed  (op.  cit,  p.  184)  the  occurrence  of  the  Enon  Con- 
glomerate, with  ferruginous  cement,  ''at  Lange  Kloof  and  other 
parts  of  the  district  of  George,"  as  well  as  <'on  the  flank  of  the 
Znurberg  "  and  "  at  Grobbelar's  Kloof  near  Graham's  Town." 

In  the  Mining  Journal  for  July  3rd,  1886,  the  following  arrange- 
ment was  given  by  me  for  this  conglomerate  and  associated  strata  : — 


JvBABSic :  Uitenhage  Formation ' 


Triffonia  Beda      ...     , 


Zwartkop  Sandstone    . 
Enon  Conglomerate     ...    300  feet. 
(Unoonformable  or  Deyonian  and  other  old  rocks  in  Albany.) 

At  pp.  76-78  of  the  Bep.  Geol.  Comm.  for  1898  it  is  stated 
that  "The  Enon  Conglomerate  extends  from  the  Paardeberg 
eastwards,  as  a  huge  sheet  covering  up  the  Bokkeveld  Beds  on  the 
south  and  the  Malmesburg  Beds  on  the  north.  It  lies  in  the  middle 
of  the  valley  between  the  Z wartebergen  and  Langebergen.  Typically 
it  consists  of  pebbles  of  quartz  and  qnartzite,  imbedded  in  a  dark 
red  matrix,  but  varieties  occur  which  are  very  similar  to  those  in 
the  conglomerate  south  of  the  Langebergen.  Along  the  Gamka 
Flats  there  are  white  gravels  with  large  boulders  similar  to  those 
in  Honig  Klip's  Kloof,  and  along  the  Olifant's  Biver  on  the  west 
there  are  green  sandstones  and  white  claystones  [?],  the  same  aa 

^  See  alflo  Quart.  Jonm«  Geol.  Soc,  1867,  toI.  xxiii,  pp.  149  and  167. 
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one  finds  north-west  of  Heidelberg.  The  Enon  Conglomerate  of  the^ 
Oadtshoom  District  closely  resembles,  in  its  lithologioal  character 
and  relation  to  the  older  rocks,  the  similar  deposits  in  the  country 
to  the  soath  of  the  Langebergen.  Although  determinable  plant- 
remains,  with  the  possible  exception  of  lignite,  in  which  the  minute 
structure  has  been  preserved,  Imve  not  yet  been  found  in  the  rook, 
there  are  indefinite  casts  of  fragments  of  wood  in  the  sandstone  near 
Oudtshoom,  which  are  very  like  the  casts  in  the  sandstone  of  Cape 
St  Blaize  and  Heidelberg." 

At  p.  19  Dr.  Corstorphine  remarks : — ''  The  oharaoter  of  the  Enon 
Series — thick  banks  of  conglomerate,  passing  in  most  localities 
within  a  short  distance,  vertically  and  horizontally,  into  coarse, 
lenticular  beds  of  sandstone,  the  latter  containing  stems  and  other 
plant- remains,  with  fresh- water  Esiheria,  and  in  one  instance 
a  coleopterous  wing-cover — points  to  a  fluviatile  origin  for  the  whole* 
It  is,  with  the  exception  of  the  recent  sand-dune  limestones  and 
other  superficial  deposits,  the  youngest  formation  in  the  area  so  &r 
surveyed." 

At  p.  18  he  states:  —  "Shales  and  olaystone  [?]  also  occur, 
sometimes  gray,  sometimes  black  and  almost  coaly  in  appearance. 
Near  Herbertsdale  and  Heidelberg  the  shales  are  common,  and  at 
the  former  locality  they  contain  numerous  plflmt-remains.  At 
Heidelberg  a  white  shale  [shaley  arenaceous  bed]  occurs  with 
abundant  Eifkeria  casts." 

In  March,  1899,  I  received  from  Mr.  A.  W.  Bogers,  one  of  the 
Oeological  Surveyors  of  Cape  Colony,  three  specimens  of  Enon 
Conglomerate  collected  at  Heidelberg,  Swellendam  District  Two 
of  the  specimens  (800  a  and  302  a)  consist  of  hard,  white,  laminated, 
fine-grained  sandstone  (not  argillaceous  nor  calcareous),  showing 
bed-planes,  covered  with  flattened  valves  of  Esikeria,  Th%  other  is 
an  irregular  and  sHckensided  fragment  of  similar  siliceous  rock 
(296  a).  A  large  part  of  it  is  not  laminated,  and  the  matrix  seems 
to  have  been  crushed  after  consolidation ;  it  contains  some  imperfect 
and  indeterminable  casts  and  fragments  of  valves,  modified  by 
pressure.  These  relics  are  distinguishable  by  their  being  stained 
with  yellow  ochre.  The  rest  of  the  piece  is  laminated,  and  the  bed- 
planes  show  many  valves  crowded  together,  flattened  and  modified 
in  their  outlines.  Their  surfaces  mostly  present  the  appearance  as 
if  the  outer  layer  or  film  of  shell  had  been  dissolved  or  melted,  as  it 
were,  into  a  very  thin,  sometimes  brownish  varnish  or  glaze ;  and 
no  reticulate  or  other  ornament  between  the  concentric  ridges  can  be 
discovered  in  these  valves. 

Looking  at  the  striking  general  similarity  of  the  numerous 
variable,  sub-oblong,  and  sub-oval  shapes  in  the  crowds  of  extremely 
flattened  valves  on  these  bed-planes,  we  evidently  see  the  result  of 
shoals  of  probably  one  kind,  or  local  tribe,  of  JEstheria  having  been 
suddenly  enveloped  in  heavy  deposits  of  mud ;  and  it  is  difficult  to 
distinguish  any  specific  difference  among  the  individuals. 

Venturing,  however,  to  place  them  all  under  one  quasi-specific 
title,  I  group  them  as  Esthebia  anohala,  sp.  nov.  (Figs.  1-4). 
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On  specimen  302  a  there  is  one  individual  (Fig.  1)  whiob  has 
retained  in  great  part  the  shape  of  the  bivalved  oarapaoe,  but  is 
rather  narrowed  vertically.  The  left  valve  remains  exposed,  and 
a  portion  of  the  dorsal  i-egion  of  the  other  valve  protrudes  beyond  it. 

This  left  valve  has  the  oblong-ovate  shape  common  in  the  genus, 
and  bears  indications  of  numerous  concentric  close-set  lines  or 
ridges.     It  measures  5  mm.  in  length  and  3  mm.  in  height. 


x6 


Fig.  1. — Ettheria  anomala,  sp.  nov.     Carapace  showing  the  left  yalve,  somewhat 

narrowed  by  crush.    Magnified  8  diam. 
Fio.  2. — A  right  valve,  crushed  quite  flat.    Magnified  8  diam. 

A  modified  right  valve  (Pig.  2),  on  the  same  specimen,  quite 
smooth,  and  widened  out  by  pressure  until  it  is  almost  suborbioular, 
measures  5*75  mm.  in  length  and  4*5  mm.  in  height,  and  yet  may  be 
of  the  same  species  as  the  foregoing,  there  being  many  intermediate 
shapes  on  the  bed-planes  of  this  rock. 

On  specimen  300  a  are  other  flattened  valves,  often  nearly  sub- 
orbicular.  Fig.  8,  which  has  a  short  and  broad  ovate  form,  with  an 
apparently  short  but  distinct  dorsal  border  or  hinge-line,  measures 
6-25  by  4*25  mm.,  and  may  be  taken  ba  belonging  to  the  specific 
type.  The  spaces  between  the  concentric  ridges  (Fig.  4)  exhibit  no 
ornament 


Fio.  Z.^Ettheria  anomaki,  sp.  nov.  A  right  yalve,  somewhat  misshapen  by  pressure. 

Magnified  8  diam. 
Fio.  4.— Fart  of  the  surface  of  Fig.  3.    Magnified  75  diam. 

None  of  the  Estheria  above  mentioned  from  the  Enon  Con- 
glomerate of  Heidelberg  correspond  with  the  three  known  South 
African  species : — 

EBtheria  Oreyii,  Jones :  Gkol.  Mao.,  1878,  p.  100,  PI.  Ill,  Fig.  1. 
This  differs  altogether  in  the  general  shape.  It  was  from  the 
Lower  Karoo  beds,  near  Cradock,  Cape  Colony. 

DBCADB  IV.^VOL.  VIII.— NO.  VIII.  23 
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Fstheria  Draperi,  Jones  :  Geol.  Mao.,  1894,  p.  289,  PL  IX, 
Figs.  1  a,  b,  e.  This  sub-oblong  form  is  much  larger,  and 
has  ornamented  interspaces,  but  is  the  nearest  in  general 
form.  It  was  from  the  Uppermost  Earoo  beds,  in  the 
Drakensberg,  NataL 

Esiheria  Siomana,  Jones  :  Geol.  Mag.,  1894,  p.  290,  PI.  IX, 
Figs.  2  a,  6.  This  little  valve  differs  from  the  others 
especially  in  its  sub-elliptioal  outline.  Having  its  full 
complement  of  numerous  concentric  ridges,  it  is  not  a  young 
form,  as  suggested  in  1894.  From  l£e  Uppermost  Earoo 
beds,  in  the  Drakensberg,  Natal. 


lY. — On  the  Bbported  Oooubbenoe    of   the  Camel  and  the 

NiLGHAI  IN   the  UpPEB  MiOOENE  OF   SaMOS. 
By  C.  I.  FoESYTH  Majok,  M.D.,  F.Z.S. 

Fa  notice  on  "  Fossil  Camels  in  Europe,"  inserted  in  the 
periodical  Naiur  und  Ham  (1901,  ix,  5,  p.  179),  it  is  stated 
that  amongst  the  fossils  from  Samos  in  the  Stuttgart  Museum  there 
occurs,  under  a  wrong  name,  the  well-preserved  skull  of  a  Camel, 
and  likewise  **  a  near  relative  of  the  Indian  Nylgau,  Portax  picius,'* 

On  a  visit  to  the  Stuttgart  Museum  a  few  weeks  ago,  I  was  kindly 
allowed  to  examine  the  above-named  specimens,  with  the  result  that 
the  skull  supposed  to  be  a  Camel  is  found  to  be  that  of  a  hornless 
member  of  the  Qiraffidn,  agreeing  almost  exactly  in  form  with  horn- 
less skulls  of  Samotherium  JBoissieri,  Maj.,  but  considerably  smaller. 
It  is  doubtless  the  female  skull  of  Falaoiragtu  Bouenii,  (}aud. 

Breadth  of  frontals  behind  the  orbits  in  a  Samothtrium  Boitsieri  $     ...  240*6  mm. 

Breadth  of  frontals  behind  the  orhits  in  the  Stnttgart  sknll 187      „ 

Breadth  of  frontals  across  the  orbits  in  the  Stutt^rt  sknll 161      „ 

Breadth  of  frontals  across  the  orbits  in  FaUeotragtu  Jiouenii,  according 

to  Gandry        160     „ 

The  hornless  Camelopardalis  parva,  Weith.,  from  Pikermi,  is  the 
same  species  as  Palaotragus  Bouenii.  The  difference  in  the  shape  of 
the  molars  is  only  apparent,  the  examination  of  the  type-specimen 
of  the  latter  in  the  Paris  Museum  showing  that  the  teeth  are  not 
correctly  drawn  in  fig.  2,  pL  xlv  of  the  **  Animaux  fossiles  et  Qeologie 
de  r  Attique." 

The  fossil  claimed  to  be  a  near  relative  of  the  Portax  is  likewise 
a  Qiraffoid,  intermediate  in  size  between  Samoiherium  Boissieri  and 
Palaotragus  Bouenii;  the  incorrectly  repaired  supraorbital  bom  of 
the  left  side  is  preserved.  In  size  and  shape  the  molars  correspond 
with  (1)  some  isolated  teeth  doubtfully  assigned  by  Oaudry  to  his 
Camelopardalis  AtUca ;  (2)  an  '*  isolated  upper  tooth  series  ''  from 
Maragha  (Persia),  described  by  Bodler  &  Weithofer ;  (3)  isolated 
teeth,  also  from  Maragha,  in  the  British  Museum  (M.  3,867  and 
3,869) ;  (4)  the  teeth  of  the  type-specimen  of  Oiraffa  vetusta  (Wagn.), 
f^m  Pikermi,  if  due  account  is  taken  of  the  latter's  rather  worn 
condition.    The  Stuttgart  skull  shows  the  characters  of  Palaotragus 
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and  Samotherium  (the  unfortnnate  former  name  will  presumably,  as 
previously  stated  by  me,  supersede  the  latter) ;  it  is  therefore  probable 
that  its  anterior  and  posterior  limbs  were  of  approximately  the 
same  relative  length  as  in  Samotherium  Boissieri,  and  not  giraffe*like 
as  in  Camelopardalia  Attica.  If  this  suggestion  proves  to  be  oorrect, 
the  proper  name  for  this  intermediate-sized  member  of  the  Giraffidsd 
will  be  Palaotragu$  vetustus  (Wagn.). 

The  hornless  skull  and  the  teeth  described  under  the  name  of 
AlcicephaluB  Neumayri  in  Rodler  &  Weithofer's  paper  on  the 
Bumiuants  of  Maragha  (1890)  belong  to  Samotherium  Boiaaieri 
(1888) ;  not  so  the  limb-bones  ascribed  to  A,  Neumayri,  which  agree 
better  with  the  size  of  Falaotragua  Bouenii. 

It  is  but  fair  to  state  that  there  are  labels  in  the  Stuttgart 
Museum  to  show  that  the  Girafifoid  affinity  of  the  two  fossils  in 
question  had  been  duly  recognized. 


y. — WOODWABDIAN   MUSBUH   NOTBS  :    SaLTBB's  UnDBSOBIBBD 

Spboibs.    v. 

By  F.  R.  CowPBB  Rbbd,  M.A.,  F.G.S. 

(PLATE  XV.) 

Plbubotomabia  stbiatissima  (Salter).     (PL  XV,  Figs.  1  and  2.) 

1873.    FUurototnaria  striatissima,  Salter:   Cat.  Gamb.  Sil.  Fobs.  Woodw.  Mus., 

p.  171  (a  987,  a  991). 
1891.    Fleurotomaria  striatissitmf  Woods :  Cat.  Type  Foes.  Woodw.  Mus.,  p.  113. 

There  are  two  specimens  of  this  species  in  the  Woodwardian 
Museum,  both  of  which  were  named  and  labelled  by  Salter.  The 
smaller  and  more  perfect  one,  a  987  (Fletcher  Collection),  is  first 
mentioned,  and  is  stated  to  have  come  from  the  Lower  Ludlow  of 
Dudley.  The  larger  specimen  is  from  the  same  horizon  of  Green 
Quany,  Leintwardine,  and  shows  only  a  portion  of  the  upper  surface. 

Diagnosis.  —  Shell  much  flattened,  discoidal;  very  low,  short 
spire;  whorls  five  or  six  in  number,  much  flattened,  coiled  into 
a  nearly  flat  spiral ;  outer  whorl  with  acute  margin  furnished  with 
small,  narrow  projecting  band,  marked  off  by  groove  from  rest  of 
whorl,  and  boidered  by  a  raised  thread-like  line  above  and  below 
(shown  in  Leintwardine  specimen).  On  the  inner  whorls  this  band 
Ues  on  the  suture-line  and  is  almost  hidden.  Apical  surface  of 
whorls  ornamented  with  regular,  equidistant,  longitudinal,  revolving 
strisB,  80-40  in  number.  At  about  one-third  the  distance  from  the 
outer  margin  is  a  raised  thread-like  line  or  keel,  parallel  to  the 
BtrisB  and  more  conspicuous  on  the  inner  whorls.  Umbilical  surface 
of  shell  flattened  or  very  weakly  convex,  swelling  slightly 
towards  the  mouth  (which  is  not  preserved).  This  surface  is 
ornamented  with  revolving  strin,  similar  to  the  apical  surface, 
but  there  is  no  raised  thread-like  line  or  keel  amongst  them. 
Umbilicus  deep,  circular,  and  about  one-fifth  the  width  of  the  base. 
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Measurements. 

mm. 

Diameter  of  larger  specimen 3d 

Diameter  of  smaller  specimen  ...        22 

Pleubotomabia  uniformis,  Salter.     (PI.  XV,  Fig.  3.) 

1873.    Fletirotomaria  uniformis,  Salter,  n.sp. :    Cat.  Gamb.  Sil.  Fobs.  Woodw. 
Mas.,  p.  156  (a  879). 

Salter  (he.  cit.  supra)  desoribed  this  species  as  ''large,  quite 
without  ridges  except  band.''  His  original  specimen  (a  879),  from 
the  Fletcher  Collection,  is  the  only  one  which  we  possess,  and  it  is 
poor  material  on  which  to  base  a  new  species,  as  it  is  distorted  and 
the  shell  mostly  missing.  It  was  found  in  the  Wenlock  Limestone 
of  Dudley,  and  measures  approximately  65  mm.  in  length  and  60  mm. 
in  width  across  the  body-whorl. 

Diagnosis. — Shell  large,  broadly  conical,  of  few  whorls  (the  three 
upper  ones  are  alone  preserved).  Whorls  convex,  with  apical  face 
oblique  to  axis  and  having  its  surface  slightly  raised  in  the  middle 
between  the  suture-line  and  slit-band.  Slit- band  of  moderate  width, 
marginal,  separating  apical  face  from  convex  portion  of  whorl  below, 
and  situated  above  the  middle  line  of  the  whorl ;  with  rounded 
prominent  borders,  and  with  a  convex  surface  crossed  by  transverse 
oresoentic  striae  and  occasionally  by  thicker  lamelln.  Suture-line 
shallow.  Body- whorl  large,  apparently  nearly  half  the  length  of 
shell.  Ornamentation  of  apical  face  of  whorls  consisting  of  trans- 
verse sigmoidal  lines;  rest  of  whorls  crossed  by  transverse  non* 
sigmoidal  strisd,  with  a  few  thicker  striaa  interspersed  at  irregular 
intervals. 

Pleubotomabia?  heliooides,  Salter. 

1873.    PkUwehigma  helieoidet,  Salter :  Cat.  Gamb.  Sil.  Foes.  Woodw.  Mas.,  p.  186 

{b  140,  c  26). 
1891.    FlatpschUma  helieoxdety  Woods:  Cat.  Type  Foss.  Woodw.  Mus.,  p.  111. 

The  two  specimens  on  which  Salter  founded  this  species  are  both 
from  the  Upper  Ludlow  of  Lesmahagow.  Neither  is  at  all  well 
preserved,  and  but  very  few  characters  are  visible.  Salter  says  of 
this  species :  '*  A  shell  very  like  the  TrochuB  helicitea  of  the  British 
Ludlows,  but  flatter  and  having  a  marked  subangular  band." 

DiAQMOSis.— Shell  small,  coiled  into  a  low  spiral  of  five  or  six 
whorls.  Whorls  angulated ;  apical  surface  narrow,  flat,  horizontal, 
with  elevated  keel  round  edge;  sides  steeply  sloping.  Margin  of 
last  whorl  appears  to  be  expanded  into  horizontal  lamellar  band. 
No  slit-band  visible.  Surface  ornamentation  unknown. 
Mbasttbembmts. 

mm. 

Height 2-5 

Width 70 

Bemabks. — As  Salter  remarks,  this  species  is  quite  distinct  from 
Sowerby's  Trochus  [^Platyachidmd]  heliciteB,^  but  it  is  unfortunate 

1  Sil.  Svst.,  pp.  603,  706,  t.  iii,  figs,  le,  5,  Siluria,  4th  ed.,  p.  162,  Foss.  26, 
fig.  9 ;  t.  xxxiv,  fig.  12. 
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that  the  material  is  so  badly  preserved  that  even  the  geniiB  is 
doubtful.  It  is  quite  possible  that  it  is  a  Horioatoma,  but  the 
apparently  alate  margin  reminds  one  of  Pleurotomaria  alata  (His.)/ 
and  the  shape  of  the  whorls  is  also  similar,  especially  in  the  variety 
iubcarinata. 

Tboohoneha  bijuoosa,  Salter.     (PI.  XV,  Pig.  4.) 

1873.     Troehon&ma  bijugota,  Salter,  n.sp. :    Cat.  Gamb.  Sil.  Foss.  "Woodw.   Mus., 

p.  166  (a  876). 
1891.     jyoehon^ma  bijupota,  Woods :  Cat.  Type  Foss.  Woodw.  Mus.,  p.  116. 

There  are  only  two  specimens  of  this  species  in  the  Woodwardian 
Museum,  and  they  are  the  original  ones  determined  by  Salter.  The 
larger  one  shows  a  portion  of  the  body-whorl  and  succeeding  whorl 
with  the  shell  well  preserved ;  the  smaller  one  is  merely  an  imperfect 
internal  cast  of  the  two  basal  whorls,  and  it  is  doubtful  if  it  is 
rightly  attributed  to  the  same  species.  Both  are  from  the  Wenlock 
Limestone  of  Dudley  and  belong  to  the  Fletcher  Collection.  Salter 
describes  the  species  as  "much  resembling  T.  (Turbo)  troehleaiuB 
of  McCoy  and  Hall,"  and  the  figure  in  the  margin  appears  to  be 
a  rough  restoration  of  it 

Diagnosis.  —  Shell  conical,  turbinate  ;  of  six  ^?)  whorls ;  apical 
angle  60°.  Whorls  angulated  by  two  parallel  longitudinal  keels, 
between  which  their  surface  is  flattened  and  vertical.  Apical 
surface  of  whorls  sloping  down  steeply  from  suture-line  to  upper 
keel,  but  swollen  into  a  low,  revolving  ridge  close  below  suture-line, 
defined  below  by  distinct  groove.  Lateral  surface  flattened  vertical, 
about  one-third  height  of  whorl,  bounded  above  by  upper  keel  and 
below  by  lower  keel;  lateral  surface  meets  apical  surface  at 
angle  of  45^  and  in  basal  whorl  meets  umbilical  surface  at  same 
angle.  Umbilical  surface  sloping,  faintly  convex.  Keels  forming 
rounded,  projecting,  parallel  bands,  marked  off  above  and  below  by 
faint  narrow  grooves.  The  lower  keel  is  rather  the  larger  of  the 
two.  Surface  of  valves  ornamented  by  regular,  continuous,  strong, 
equal  strisB.  On  apical  surface  the  strisB  are  oblique,  and  close  to 
the  upper  keel  bend  sharply  back  and  cross  it  in  a  series  of  sharp 
crescents  resembling  those  on  the  slit -band  of  Pleurotomarici, 
Between  the  keels  on  the  lateral  surface  the  strias  are  nearly 
straight  and  vertical,  and  cross  the  lower  keel  directly  without 
bending  back,  and  continue  thence  on  to  the  umbilical  surface, 
where  they  become  sigmoidal. 

Mbabubsmemts. 

mm. 

Width  of  larger  specimen 20*0 

Estimated  hcoght  of  ditto     20*0 

BsHABKS.  —  It  is  unfortunate  that  the  material  on  which  this 
species  is  based  is  not  more  complete,  and  accordingly  the  species 
does  not  admit  of  very  satisfactory  definition.  At  any  rate,  it  seems 
to  be  distinct  from  any  previously  described. 

1  Lindstrom :  Sil.  Qastrop.  Pterop.  Gotl.,  p.  118,  pi.  x,  figs.  33-37. 
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Bellebophon  Buthykni,  Salter.     (PI.  XY,  Figs.  5  and  6.) 

1873.    Bellerophon  Ruthvenij  n.sp.,  Salter:  Cat.  Camb.  Sil.  Foss.  Woodw.  Mus. 

(*61). 
1891.    Bellerophon  Ruthveni,  Woods :  Cat.  Type  Foas.  Woodw.  Mus.,  p.  96. 

It  is  to  be  regretted  that  the  four  specimens  on  which  Salter 
founded  this  species  are  so  poorly  preserved  and  distorted.  They 
are  all  from  the  Eirkby  Moor  Flags  of  Benson  Knot,  near  Kendal, 
and  were  labelled  by  McCoy  B,  ezpansua  (Sow.).  SisJter  describes 
B.  Buthveni  as  ''Smaller  than  B.  dilatatua  and  with  the  band 
angular,  and  the  whorls  angular  where  the  band  becomes  so.  Very 
oommon,  1^  inch  wide."  The  shape  of  the  shell  resembles  B,  expansus 
with  large  expanded  aperture,  with  inner  lip  bent  down  considerably 
and  outer  lip  possessing  a  wide  acuminate  V-shaped  sinus.  The 
slit-band  is  comparatively  narrow,  and  lies  sunk  between  faintly 
elevated  margins.  Near  the  aperture  the  whorl  seems  to  be  slightly 
carinated  and  compressed,  though  this  appearance  may  be  due  to 
crushing  in  the  rock.  In  one  of  the  smaller  specimens  there  are 
traces  of  one  or  two  longitudinal  thread-like  lines  running  parallel 
to  the  slit-band  on  the  surface  of  the  shell,  slightly  diverging 
towards  the  mouth,  but  no  other  ornamentation  or  surface-markings 
are  visible.  The  specimens  are  so  poor  that  it  is  impossible  to  give 
any  satisfactory  definition  of  the  species,  and  it  is  extremely  doubtful 
in  my  mind  whether  Salter's  species  can  stand. 

EXPLANATION  OF  PLATE  XV. 

Fio.   la. — Pleurotomaria  striatisainui,  Salter,  Tiewed  from  aboye,  enlarged  twice 

natural  size. 
Fio.  lb. — ^The  same,  viewed  from  beneath,  enlarged  twice  natural  size. 
Fio.  le. — Side-new  of  same,  enlaced  twice  natural  size. 

From  the  Lower  Ludlow  of  Dudley. 
Fio.  2. — Plmrotomaria  atriatistima,  Salter,  natural  size ;  from  the  Lower  Ludlow, 

Leintwardine. 
Fio.  d. — Fleurotomaria  remtformis,    Salter,  natural   size ;    Wenlock   Limestone, 

Dudley. 
Fio.  4. — Trochonema   biJuao$a,    Salter,   enlarged    twice    natural    size;    Wenlock 

Limestone,  Dudley. 
Fio.  5. — Bellerophon  But?nfeni,  Salter  (side -view),  natural  size;    Eirkby  Moor 

Flags,  Benson  Knot,  Kendal. 
Fio.  6. — ^Tbe  same  (carinal  aspect),  enlarged  twice  natural  size ;  same  locality. 


VI.— On  thb  British  Earthquakes  op  1900. 

By  Ckablbs  Dayison,  D.Sc.,  M.A.,  F.G.S. 

(WITH  A  MAP.) 

DITBINQ  the  past  year  there  were  only  two  undoubted  earth- 
quakes in  this  country.  Some  may  have  oocurred  in  Glen  Garry, 
one  of  our  most  sensitive  regions;  bat  the  construotion  of  a  new 
railway  through  the  valley  renders  it  difficult  to  identify  true 
earthquakes  with  certainty.  The  total  number  of  British  earth- 
quakes during  the  last  twelve  years  thus  amounts  to  116,  of  which 
46  had  epicentres  in  England  and  Wales  and  70  in  Scotland,  42  of 
the  latter  number  being  confined,  or  almost  confined,  to  Glen  Garry. 
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OoHiL  Earthquakes  of  Sxpt.  17  and  22,  1900. 

The  two  undoubted  earthquakes  oocurred  on  Sept  17  at  10.15  p.m. 
and  Sept.  22  at  4.30  p.m.  There  were  also  four  other  reported 
shocks,  whose  seismio  character  is  not  established,  at  the  following 
times : — 

(a)  Sept.  17,  3.30  p.m.,  Menstrie. 

(6)    Sept  17, 10.5  p.m.,  Alva. 

(c)  Sept.  18,  2  a.m.,  Alva. 

(d)  Sept  18,  about  2.55  a.m.,  Bridge  of  Allan. 

The  first  two  were  noticed  by  several  persons  at  each  of  the  places 
mentioned,  but  I  have  no  record  of  them  except  the  statement  that 
slight  shocks  were  felt 

Earfhquake  of  Sept.  17,  at  10.15  p.fn. — ^I  have  received  56  accounts 
of  this  earthquake  from  26  places,  in  addition  to  negative  records 
from  11  other  places.^  The  epicentre  is  situated  among  the  Ochil 
Hills,  and  consequently  the  intensity  of  the  shock  in  the  central 
r^on  is  unknown.  At  places  near  the  boundary,  in  the  valleys  of 
the  Forth  and  Allan,  the  intensity  was  4,  and  it  can  hardly  have 
exceeded  this  degree  in  any  part  of  the  disturbed  area. 

The  boundary  of  the  disturbed  area,  which  corresponds  to  an 
isoseismal  line  of  intensity  slightly  less  than  4,  is  roughly  elliptical 
in  form,  15  miles  long  and  9^  miles  broad,  and  includes  117  square 
miles.  Its  longer  axis  is  directed  E.  13""  N.  and  W.  13''  S.,  and  the 
centre  of  the  area  is  3  miles  N.  32^  W.  of  Alva.  In  spite  of  the 
absence  of  observations  from  the  neighbourhood  of  Glendevon,  it  is 
probable  that  the  curve  is  drawn  with  a  fair  approach  to  accuracy. 

The  shock  seems  to  have  been  nearly  uniform  in  its  character  all 
over  the  disturbed  area,  a  single  prominent  vibration  succeeded  by 
a  tremor  such  as  would  be  caused  by  a  heavy  weight  falling  on  the 
floor  and  making  the  building  shake,  and  lasting  altogether  not  more 
than  three  seconds. 

Of  the  55  observers  who  provide  detailed  accounts  of  the  earth* 
quake,  48  distinctly  heard  the  sound,  4  are  doubtful  or  fail  to 
answer  the  question,  while  3  state  that  they  heard  no  sound  at  all. 
Thus,  the  percentage  of  those  who  heard  the  sound  is  not  less 
than  87.  A  few  obaervers  describe  the  sound  as  a  loud  sharp  crash 
or  a  low  rumbling  sound,  while  as  many  as  41  refer  it  to  one  of  the 
ordinary  types.  Of  these,  29  per  cent,  compared  it  to  the  noise  of 
heavy  waggons  or  traction-engines  passing,  10  per  cent  to  thunder, 
5  per  cent,  to  wind,  12  per  cent  to  the  tipping  of  a  load  of  coal  or 
bricks,  17  per  cent  to  the  fall  of  a  heavy  body  or  the  banging  of 
a  door,  12  per  cent  to  blasting  or  explosions,  and  15  per  cent  to 
miscellaneous  sounds,  such  as  the  trampling  of  horses,  a  distant 
waterfall,  a  large  flock  of  pheasants  flying  over  the  house,  or  the 
rush  of  heavy  rain  against  the  window.  On  the  whole  the  frequency 
of  comparison  to  sounds  of  short  duration  is  unusual,  and  this  no 
donbt  is  due  mainly  to  the  prominence  of  the  heavy  thud  that 

^  The  outer  cnnre  on  the  map  and  all  plaeee  marked  refer  to  this  earthquake. 
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aooompanied  the  principal  shaking,  while  the  ramble  which  died 
away  with  the  tremor  was  unnoticed  or  undescribed. 

Tile  beginning  of  the  sound  preceded  that  of  the  shock  in 
10  cases  and  coincided  with  it  in  19 ;  while  the  end  of  the  sound 
preceded  that  of  the  shock  in  2  cases,  coincided  with  it  in  17,  and 
followed  it  in  3  cases.  The  time-relations  of  both  initial  and  final 
epochs  are  given  by  22  observers,  and  these  show  that  the  sound 
was  of  greater  duration  than  the  shock  in  8  cases,  and  of  equal 
duration  in  12,  while  in  2  others  the  relative  duration  is  doubtful. 

Earthquake  of  Sept.  22,  at  4.30  p.m, — This  shock  was  weaker  and 
less  widely  observed  than  the  preceding,  and  I  have  not  more  than 
20  accounts  from  13  places,  together  with  negative  records  from 
15  places.  The  intensity  of  the  shock  was  4,  and  probably  was  not 
much  greater  even  near  the  epicentre. 

The  boundary  of  the  disturbed  area  is  an  isoseismal  of  the  same 
intensity  as  that  of  the  earlier  shock,  that  is,  slightly  less  than  4. 
In  the  north-east  quarter,  the  boundary  is  indicated  by  a  broken 
line,  being  doubtful  owing  to  the  absence  of  observations  in  this 
part  of  the  disturbed  area.  It  is  11  miles  long  and  7  miles  wide, 
and  contains  an  area  of  60  square  miles.  The  longer  axis  is 
parallel  to  that  of  the  other  shock,  and  its  centre  \b  2i  miles  N. 
37^W.  of  Alva. 


Scale  of  Milti 


Btclco  ° 


Alloa.^ 


O  Clo.c'km.ayx'n.ari 


Though  slighter,  the  shock  closely  resembled  that  of  the  17th 
inst.,  one  observer  (at  Bridge  of  Allan)  describing  it  as  a  sndden 
abrupt  loud  shock,  as  if  some  extremely  heavy  body  had  fisdlen 
outside  the  house,  followed  immediately  by  a  tremor. 

The  earthquake-sound  was  recorded  by  13  out  of  15  observers 
who  enter  into  details,  that  is,  the  audibility-percentage,  as  in  the 
first  earthquake,  was  87.    Of  the  few  observers  who  describe  the 
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soond,  9  per  cent  oompare  it  to  passing  waggons,  27  per  cent,  to 
thunder,  9  per  cent  to  wind,  36  per  cent,  to  a  cart  of  coals  or  bricks 
being  emptied,  9  per  cent,  to  the  fall  of  a  lieavy  body,  and  9  per 
cent  to  the  distant  firing  of  cannon.  Thus,  the  reference  to  sounds 
of  brief  duration  is  even  more  marked  than  in  the  earlier  shock. 
The  beginning  of  the  sound  preceded  that  of  the  shock  in  2  cases 
and  coincided  with  it  in  5 ;  while  the  end  of  the  sound  coincided 
with  that  of  the  shock  in  4  cases. 

Origin  of  the  Earthquakes, — From  the  seismic  evidence,  we  can 
determine  only  the  direction  of  the  originating  fault,  which  must  be 
about  E.  13°  N.  and  W.  13°  S.  If  it  hades  to  the  north,  the 
fault-line  must  lie  to  the  south  of  the  centres  of  the  disturbed 
areas,  and  if  to  the  south  on  the  north  side. 

On  the  map  of  the  earthquakes  is  shown  that  part  of  the  great 
Ochil  fault  which  traverses  the  disturbed  areas  of  the  earthquakes. 
Its  general  direction  is  E.  11°  N.  and  W.  11°  S.,  and,  if  the  fault 
haded  to  the  north,  it  would  thus  satisfy  the  seismic  conditions ;  but 
this,  I  am  informed  through  the  kindness  of  Sir  A.  Geikie,  is  not  the 
case.  *'  It  is  known  to  hade  to  the  south  both  by  direct  observation 
and  by  the  effects  of  denudation  upon  the  intrusive  sill  of  dolerite 
in  the  Carboniferous  rocks,  where  it  is  thrown  against  the  andesites 
and  agglomerates  of  Lower  Old  Bed  age.'*  As  the  shock  would  be 
less  strongly  felt  on  the  hard  compact  rocks  of  the  Ochil  Hills  than 
on  the  softer  rocks  to  the  south,  it  follows  that  the  earthquakes 
cannot  be  attributed  to  slips  along  the  Ochil  fault. 

There  is  no  other  parallel  fault  of  any  consequenoe  marked  on  the 
Survey  map  (Sheet  39),  though  several  faults  cross  the  Ochil  Hills 
in  a  nearly  perpendicular  direction.  The  only  conclusion  we  can 
come  to,  therefore,  is  that  the  earthquakes  are  connected  with  some 
fault  or  faults,  whose  existence  has  not  yet  been  ascertained  by 
geological  evidence. 

Doubtful  Eabthquakb. 

Pendleton  {near  Manchester),  April  7,  1900. — An  earth-shake, 
somewhat  similar  to  that  of  Feb.  27,  1899,  occurred  at  1.17  a.m.  on 
April  7.  Mr.  Mark  Stirrup  has  again  kindly  sent  me  records  of  this 
shock,  frota  which  it  appears  that  the  disturbed  area,  as  before,  is  not 
more  than  4  or  5  miles  in  diameter,  and  that  the  centre  is  close 
to  the  Irwell  Valley  fault,  but  a  mile  or  two  further  to  the  south 
or  south-south-east  of  that  shaken  in  1899.  At  Pendleton  the 
vibration  resembled  that  felt  in  a  house  when  a  heavy  traction- 
engine  passes ;  and  the  sound  appeared  as  though  the  mortar  and 
widls  were  being  crushed.  In  the  collieries,  at  a  depth  of  about 
3,000  feet,  the  noise  was  also  considerable ;  and  the  shock  is  said 
to  have  caused  dust  to  rise.  As  the  intensity  of  the  shock  was 
4  or  5,  and  the  disturbed  area  very  small,  the  depth  of  the  centre  of 
disturbance  must  have  been  slight.  The  evidence  is  less  complete 
than  in  the  former  case,  but,  so  far  as  it  goes,  it  supports  the  view 
of  the  origin  of  these  earth-shakes  in  mining  districts  which 
I  suggested  in  my  last  paper  on  British  earthquakes. 
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Spurious  Earthquakes. 

Shortly  after  10  p.m.  on  July  18,  a  series  of  distarbanoes  was 
observed  at  di£ferent  places  along  the  south  coast  of  England, 
between  Torquay  and  Brighton.  At  first  they  were  supposed  to  be 
earthquakes,  but  they  were  afterwards  traced  to  the  gun-firing  during 
a  sham  fight  which  took  place  at  Cherbourg  at  the  hour  mentioned 
in  honour  of  the  French  President's  visit  to  that  town.  The 
evidence  for  this  conclusion  is  as  follows: — (1)  The  area  within 
which  the  sounds  were  heard  was  a  narrow  band  hardly  more  than 
a  mile  or  two  wide,  following  all  the  windings  of  the  coast,  and 
interrupted  in  that  part  of  Hampshire  shielded  from  Cherbourg  by 
the  higher  ground  of  the  Isle  of  Wight.  (2)  The  disturbances 
occurred  in  groups,  each  of  which  lasted  several  minutes.  (3)  The 
waves  were  obviously  propagated  through  the  air,  for  they  caused 
a  drumming  in  the  ears,  and  windows  were  shaken  while  floors  were 
stilL  (4:)  Lastly,  the  sounds  were  recognized  as  those  of  heavy 
guns,  and  were  ascribed  to  this  origin  with  a  confidence  which 
increased  with  the  observer's  neighbourhood  to  Cherbourg. 


YII. — Qbologioal  Notes  from  Tanganyika  Northwards. 

By  Malcolm  Fbeoussok,  Esq. 

(WITH   TWO   MAPS.) 

THE  southern  shore  of  Lake  Tanganyika  and  the  country  for 
a  distance  of  40  miles  south  of  the  lake  consist  of  sandstones 
and  conglomerates,  dipping  north  about  10^.  These  sandstones  stretch 
some  little  way  up  the  eastern  and  western  shores,  and  appear  to 
continue  away  to  the  south-west  Proceeding  further  north  along 
the  lake  shore  they  get  harder,  being  in  places  metamorphosed  into 
a  pink  quartzite. 

In  colour  the  sandstones  are  reddish  or  grey,  generally  very 
coarse.  At  the  lake  they  are  of  enormous  thickness,  being  quite 
3,000  feet  at  Eituta,  and  they  surround  the  southern  shore  in 
a  precipitous  horse-shoe  which  descends  to  the  water's  edge.  On 
the  west  coast  they  come  to  a  sudden  stop  at  the  Lufu  Valley,  where 
there  is  a  break  in  the  range,  the  plateau  descending  to  the  level  of 
the  lake  into  which  the  Lufu  River  flows.  Here  the  geology 
changes,  and  an  intrusive  dyke  of  quartz- felsite  comes  in,  followed 
by  a  lava-flow  which  has  every  appearance  of  stratification,  and 
which  I  mistook  for  a  sedimentary  deposit  at  a  distance.  It  is 
a  rhyolite  which  has  poured  down  the  Dumbu  Valley  into  Cameron 
Bay,  the  present  appearance  being  a  bank  of  rhyolite  rising  from 
the  beach. 

Ij"  Under  the  microscope  the  rock  has  a  breociated  appearance, 
owmg  to  the  intermingling  of  lenticular  pink  (or  in  one  specimen 
dark)  spherulitic  patches  with  colourless,  finer-grained,  microfelsitio 
material  showing  well-marked  flow-structure.  A  few  small  pheno- 
orysts  of  quartz  and  altered  felspar  (mainly  oligoclase)  are  present"] 
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Immediately  north  of  this  rhy elite  the  country  begins  to  rise  again, 
splitting  np  into  small  detached  hills  at  first  and  gradually  rising  to 
monntains  of  quartz-felsite  at  Moliro's.  [*'  This  rock  contains  fairly 
large  phenocrysts  of  quartz  and  orthoolase  in  a  microfelsitio  base 
showing  flow  structure  and  in  parts  also  spherulitio  structure."] 


Grossing  now  to  the  eastern  shore,  we  find  the  sandstonea 
continue  up  as  far  as  the  German  station  of  Easanga,  but  just  north 
of  this  they  terminate  and  felsitic  rocks  again  intrude  and  pre- 
dominate, granite  sometimes  showing  up  through  the  mass.    As  w& 
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proceed  further  north  the  felsite  disappears,  and  at  Mpimbwi  ooour 
granite,  gneiss,  and  schists.  [''A  specimen  of  gneiss  or  crnshed 
granite  from  this  locality  presents  under  the  microscope  a  good 
example  of  oataclastic  structure  with  long  irregular  patches  of 
quartz  (showing  marked  undulose  extinction),  some  microperthito, 
and  bands  of  sericite  in  a  mosaic  of  crushed  quartz  and  felspar."] 

While  at  Eilando  we  experienced  three  earthquake  shocks,  only 
a  small  interval  of  time  elapsing  between  them.  The  missionaries 
say  they  are  of  frequent  occurrence,  especially  during  the  months  of 
September,  October,  and  November.  Here  the  plateau  is  broken 
up,  and  the  country  descends  in  altitude  to  hills  of  400  feet  or 
^00  feet  in  height,  with  sometimes  extensive  plains  and  valleys. 

The  occurrence  of  felsitic  rocks  on  both  sides  of  the  lake  suggests 
that  the  rift  had  occurred  through  the  middle  of  a  large  mass  of 
this  rock  which  originally  had  been  continuous,  and  that  the  lake 
was  formed  subsequently. 

Hecrossing  to  the  western  shore  at  Tembwi  we  find  granite,  gneiss 
and  schists  with  a  large  quantity  of  white  quartz  veins  running 
through  them.  Going  north  and  approaching  the  Lukuga  Valley 
these  gradually  descend,  breaking  up  into  low  ridges  and  hills,  and 
give  place  to  deep  red  sandstones,  which,  however,  are  only  of  limited 
extent  and  appear  to  be  quite  recent,  as  I  found  what  I  took  to  be 
crab  markings  on  the  surfaces,  and  they  were  probably  deposited 
along  a  river  valley.  The  river  was  evidently  of  much  larger  size 
at  one  time,  and  even  now  is  of  considerable  size  during  the  time  of 
floods,  as  evidenced  by  the  great  width  of  the  bed  and  the  position 
of  native  dwellings,  which  are  all  situated  high  up  and  back  from 
the  banks. 

The  only  known  deposit  of  limestone  in  the  Tanganyika  district 
occurs  at  the  French  mission  station  Mpala,  a  few  miles  south  of 
Tembwi.  It  is  a  white  crystalline  limestone,  containing  no  fossils, 
and  supplies  the  whole  district  with  lime. 

North  of  the  Lukuga  the  country  is  almost  flat  for  a  distance  of 
10  miles  or  so  and  for  some  way  inland.  About  one  mile  north  of 
the  outlet  there  is  a  small  stream,  the  Lubui,  flowing  into  the  lake. 

Ten  miles  from  the  Lukuga  the  country  rises  sharply  again  at 
Eahangwa,  where  I  landed  to  look  at  the  formation  which  strikes 
out  into  the  lake  in  a  sharp  blufif  composed  of  dark-grey  contorted 
phyllite.    At  Mtowa  the  formation  seems  to  be  principally  schists. 

Again  crossing  the  lake,  I  found  soft  grey  sandstones  which 
continue  north  to  Ujiji,  but  in  many  places  here  is  open  plain  land 
and  the  rock  is  covered  with  soil  and  vegetation. 

Immediately  north  of  Ujiji  the  country  rises  again  precipitously 
from  the  lake  shore,  showing  sandstone  formation  containing  lliick 
beds  of  conglomerate,  dipping  generally  east  about  20^.  These 
sandstone  beds  rest  on  granite,  which  can  be  seen  above  the  water 
line  at  Viuwko  and  Lumungi. 

North  of  Lumungi  the  sandstones  give  place  to  granites,  gneiss, 
and  schists,  which  form  the  main  constituents  of  the  mountain 
range  running  north  along  the  shore  and  up  past  Usambura,  where 
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they  bend  east  a  little  and  form  a  large  open  fertile  plain,  enclosed 
by  these  mountains  on  the  one  side  and  by  the  Western  Congo 
Range  on  the  other. 

Beferring  to  the  qaestion  of  Tanganyika  having  been  once 
oonneoted  with  the  sea,  it  is  impossible  to  state  definitely  any  ideas 
on  the  subject  from  the  limited  observations  I  was  able  to  make, 
but  the  enormous  thickness  and  extent  of  the  sandstones  on  the 
sonthern  shore,  extending  southwards  forty  miles  and  then  bending 
round  and  continuing  west,  give  one  the  idea  that  this  might  have 
been  an  old  arm  of  the  sea  connecting  Tanganyika  westward  by 
way  of  the  Congo.  If  the  sandstones  could  be  traced  towards  the 
Congo  the  problem  might  be  solved.  Connection  northwards  at  any 
time  seems  to  me  impossible.  The  mountain  range  at  Eivu  forms 
a  dividing  barrier,  in  fact  is  a  north  and  south  watershed,  from 
which  the  waters  fiow  south  to  Tanganyika  and  north  to  the  Nile. 

North  of  Tanganyika  is  a  broad  fertile  alluvial  plain  covered  with 
grass,  euphorbias,  and  scrub,  extending  north  for  about  25  miles. 
Then  spurs  come  down  from  the  main  ranges  east  and  west,  and 
from  here  the  country  is  hilly. 

Jnst  south  of  Butagata,  the  German  station  on  the  Busisi,  occur 
some  hot  springs.  From  here  the  country  rises  again  sharply  for 
about  2,300  feet,  with  rounded  hills  covered  with  deep  red  soil 
showing  no  outcrop  of  rock.  This  continues  round  the  south-eastern 
shore  of  Lake  Eivu.  Then  gneiss  and  schists  come  in  which  continue 
northwards  as  far  as  the  volcanic  area.  In  one  place,  on  the  north- 
eastern shore  at  which  we  landed,  I  found  a  white  fissile  rock.  ['<  This 
rock  is  very  similar  to  rocks  from  Abyssinia,  which  have  been  referred 
to  solvsbergite  (see  Min.  Mag.,  1900,  xii,  p.  265),  the  fissile  character 
being  due  to  the  platy  arrangement  of  the  felspars.  Under  the 
microscope  it  shows  a  trachytic  felt  of  small  felspar  laths  with 
interstitial,  minute,  ragged  patches  of  a  pale-green  augite.  From  its 
poorness  in  coloured  minerals  the  rock  is  best  referred  to  the 
bofitonites.''] 

The  main  eastern  range  comes  down  to  the  lake  and  extends 
along  the  east  and  north  shores  as  far  as  Eumchengi,  then 
continuing  north ;  the  western  range  also  follows  the  lake  shore 
and  strikes  north,  forming  a  valley  similar  to  the  Busisi  Valley 
north  of  Tanganyika ;  but  this  valley  of  Eivu  is  filled  with  lava 
which  has  been  poured  out  from  several  volcanoes,  of  which  two 
are  still  active,  emitting  steam  and  sulphurous  fumes.  The  larger 
of  these,  Eirunga-cha-gongo,  is  11,350  feet  in  height,  and  the  crater 
is  about  one  and  a  half  miles  in  diameter  at  the  top.  It  has  been 
recently  eruptive,  as  can  be  seen  by  the  streams  of  lava  cutting 
through  the  forest 

The  lava  seems  to  be  extremely  sooriaoeous  everywhere,  and  has 
poured  down  southwards  into  the  lake  and  northwards  almost  as  far 
as  the  Albert  Edward.  The  line  of  volcanic  action  seems  to  be 
proceeding  from  east  to  west,  as  there  are  six  or  seven  large  extinct 
cones  almost  in  a  line  east  of  this,  and  the  two  active  ones  are  at  the 
western  extremity. 
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Around  the  large  oone,  Eirunga-oha-gongo,  there  are  many 
smaller  cones  whioh  appear  to  radiate  off  along  definite  lines  of 
weakness.    Thus : — 


0°       °Oo 
o      o    o        " 

S.W.  8.E. 

The  great  Western  or  Congo  Eange  here  consists  of  granite,  gneiss 
and  schists,  the  schists  increasing  in  proportion  as  it  gets  further 
north,  till  at  the  Albert  Edward  the  whole  range  appears  to  be 
composed  of  mica-schist 

Lake  Eivu,  whose  only  outlet  is  the  Busisi,  does  not  seem  to 
haye  fallen  in  level  at  any  time,  as  there  are  no  signs  of  old  terraces 
round  the  shores,  and  there  are  many  old  trees  growing  close  down 
to  the  shore,  cemented  in  by  a  sort  of  concrete  wall  formed  by  spray 
dashing  up  on  the  boulders  and  pebbles,  evaporating  and  leaving 
a  deposit  of  carbonate  of  magnesium.  The  floor  of  the  lake  is  in 
places  paved  with  this  deposit 

(Generally  the  lake  is  deep  right  up  to  the  shore.  It  has  every 
appearance  of  having  been  formerly  simply  a  river  running  down 
the  valley  northwards  into  the  Albert  Edward.  The  volcanic 
eruptions  then  took  place  in  the  valley,  filling  it  up  with  lava  and 
damming  up  the  water,  which  gradually  rose  and  flooded  the  banks 
till  it  found  an  outlet  south  by  way  of  the  Busisi  into  Tanganyika. 
The  natives  call  it  'The  Biver.* 

A  curious  point  about  the  water  of  Eivu  is  that,  unlike  ordinary 
water,  which  contains  a  solution  of  calcium  carbonate,  it  contains 
a  solution  of  magnesium  carbonate.  The  floor  of  the  lake  is  paved 
with  what  appears  to  be  a  precipitate  of  this  substance,  and  the 
pebbles  and  boulders  around  the  shore  are  cemented  with  it  There 
are  no  dolomites  or  other  magnesium  rocks,  as  far  as  I  could  see  in 
the  district;  therefore  the  inference  is  that  springs  containing 
magnesium  carbonate  in  solution  must  be  feeding  the  lake  and 
keeping  up  a  constant  supply. 

[« T^e  quantity  of  water  received  and  the  state  of  preservation 
were  not  such  that  reliance  could  be  placed  on  quantitative  results, 
but  from  analyses  made  by  Mr.  J.  Hart  Smith,  A.B.C.S.,  it  is 
evident  that  magnesium  replaces  calcium  in  the  water,  the  andy tical 
and  spectroscopic  evidence  showing  that  traces  only  of  calcium  salts 
are  present  Fragments  obtained  from  the  lake  floor,  consisting  of 
a  calcareous  tufa  evidently  deposited  round  vegetable  dibris,  were 
analyzed  by  Mr.  W.  Robertson,  A.B.C.S.,  and  were  found  to  contain 
CaO  28*65,  MgO  12*66  per  cent  as  the  mean  of  two  closely 
agreeing  analyses.'' — W.  E.  W.] 

Lake  Albert  Edward  is  a  shallow  lake  throughout,  with  a  sandy 
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bottom.  The  natives  oan  pole  their  canoes  nearly  everywhere,  only 
oocasionally  having  to  resort  to  paddles.  The  lake  is  not  in  a 
'  rift  Mike  Tanganyika,  but  has  more  the  appearance  of  an  overflow. 

Immediately  north  of  Albert  Edward,  at  Eatwe  Fort  (George, 
a  white  volcanic  tuff  occurs.  [''  Tt  is  on  the  occurrence  of  these  tuffs 
round  'crater-lakes'  that  the  idea  of  considerable  recent  volcanic 
activity  at  the  foot  of  Buwenzori  mainly  depends.^  The  present 
tuff  shows  signs  of  stratification,  with  parallel  flakes  of  biotite  and 
muscovite,  so  that  it  has  been  probably  rearranged  by  water. 
Microscopic  examination  shows  that  it  consists  by  no  means 
wholly  of  volcanic  material.  It  contains  small  angular  fragments 
of  a  biotite-granite  or  gneiss,  oligoclase,  quartz,  biotite,  brown 
hornblende,  pink  garnet,  and  colourless  augite.  Any  doubts,  how- 
ever, which  might  have  been  entertained  as  to  the  volcanic  origin 
of  these  Huffs'  were  set  at  rest  by  an  examination  of  the  tuff 
collected  by  Mr.  Scott-Elliot,  and  referred  to  as  No.  96  in  the  paper 
already  cited.  Under  the  microscope  this  tuff  is  seen  to  be  made 
up  mainly  of  round  lapilli,  of  which  the  larger  ones  consist  of  a  mere 
shell  of  glassy  volcanic  material  surrounding  fragments  either  of 
biotite  or  of  a  granitic  or  gneissic  rock,  which  must  have  been  torn 
from  the  walls  of  the  vent  during  the  eruption."]  Tuffs  with  crater 
lakes,  hot  springs,  and  cones  continue  up  to  Buwenzori  and  around 
the  eastern  foothills  to  beyond  Fort  Gerry.  Tliere  are  salt  lakes 
around  Eatwe.  The  foothills  of  Buwenzori  are  composed  of  gneiss ; 
beyond  and  above  this  mica-schists  occur,  dipping  steeply ;  and 
still  higher,  nearer  the  centre  of  the  mountain,  epidiorite'  is  the 
predominating  rock. 

The  accompanying  Figure  shows  a  section  of  the  mountain  as 
approached  from  the  east. 


Volcanic 


Gn  eiss    Mica  Schists 


DiAOKAM- Section  ok  the  East  side  of  Ruwenzoki. 

Proceeding  eastwards  from  Tore,  the  prevailing  rock  is  gneiss  as 

far  as  Uganda,  with  occasional  dolerite  dykes.     [**  A  specimen  of  these 

dolerites  consists  of  large  ophitic  plates  of  a  nearly  colourless  augite, 

felspar  laths,  and  large  plates  of  ilmenite  ;  in  parts  in  the  interstices 

1  Scott-Elliot  &  Gregory:  Quart.  Joum.  Geol.  Soc.,  1896,  li,  p.  674. 
«  Scott-Elliot  &  Gregory,  I.e. 
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of  the  felspars  were  ophitio  plates  of  quartz.  In  its  quartz  oontents 
and  general  oharacter  the  rock  is  strikingly  similar  to  quartz-dolerites 
(diabases)  of  the  Transvaal  (e.g.  rock  from  near  Potohefstroom)/'] 
To  the  west  of  Lake  Victoria  sandstones  overlie  the  gneiss  and 
continue  round  the  lake  shore  for  some  distance.  This  gneiss 
formation  is  again  in  evidence  on  the  eastern  shore,  and  continues 
up  the  Nandi  plateau  till  the  volcanic  disturbances  from  the  eastern 
rift  valley  occur  at  Man. 

["  The  rocks  collected  in  this  volcanic  region  consist  mainly  of 
phonolites  and  phonolitic  trachytes.  Most  of  them  contain  pheno« 
crysts  of  anorthoclase  and  sagirine-augite  in  a  trachytic  groundmass 
of  felspar-laths,  through  which  are  distributed  irregular  grains  and 
feathery  patches  of  augite,  and  of  soda-hornblendes  closely  related 
to,  if  not  identical  with,  Cossyrite  and  the  Catophorite  of  Brogger. 
Some  of  them  contain  olivine  in  small  amount,  and  in  this  respect 
as  well  as  in  their  more  glassy  character  approach  closely  to  the 
pantellerite-like  rocks  or  Kbytes  of  Mt.  Kenya  described  by  Gregory.^ 
An  anorthoclase  phonolite  from  Mau  differs  frooi  the  phonolites  on 
the  east  side  of  the  rift  valley  in  containing  large  crystals  of  a 
remarkably  pleochroic  (colourless  to  deep  rose-red)  sphene,  which 
appears  to  have  crystallized  about  the  same  time  as  the  augite 
phenoorysts,  since  in  some  cases  it  includes  augite  and  in  others  is 
included  by  that  mineral.  Besides  the  phonolites  there  is  also 
a  specimen  of  andesitic  homblende-enstatite-basalt,  somewhat  similar 
in  character  to  the  so-called  enstatite-porphyrite  from  Schneide- 
miillerskopf,  Thuringia."] 

North  of  Lake  Naivasha  I  found  a  deposit  of  very  pure  diatomaceous 
earth  containing  fragments  of  obsidian,  and  on  account  of  this 
I  imagined  it  to  be  a  volcanic  tuff  till  Mr.  J.  J.  H.  Teall  examined 
it  and  found  it  to  be  full  of  diatoms.  [**  The  obsidian  chips  appear  to 
be  worked  implements  similar  to  those  from  the  same  neighbourhood 
described  and  figured  by  Gregory  ( *  The  Great  Bift  Valley,* 
p.  824)."] 

The  diatomaceous  earth  has  been  examined  by  Mr.  Thomas  Oomber, 
who  finds  that  it  consists  of  fresh-water  species,  of  which  he  has 
identified  the  following : — 


1.  Neidium  oMne^  CI.,  forma  major, 

2.  AfwmawnM  tphmrophora,  Gl. 

3.  Diplomeit  ovaUty  CI. 

4.  Fmnuiaria  acroiphmria,  Bbh. 
6.  P.  kgumm,  £hr. 

6.  Navieula  baeiUiformis,  Y.  H. 

7.  If.  pHudobaetllum,  Qnin. 

8.  N,  papula,  Knti. 

9.  N,  ISueuia,  Gnm. 

10.  If.  sUtvicmtU,  Gnm. 

11.  iT.  radiosa,  Entz. 

12.  var.  tmella,  Breb. 

13.  N.  mutieoy  Katz. 


14.  OymbeUalanceolata,y.'E. 

15.  C,  cistula,  y.  H.,  yar.   maculata, 

Kutz. 

16.  C.  eymhiformi$,  V.  H. 

17.  (7.  parva,  CI. 

18.  C,  UptocerM,  Kntz. 

19.  C7.  turgida,  Greg. 

20.  C.  amphieephala,  Nacg. 

21.  Qimphonema  yraeile,  Ehr. 

22.  Tar.  aurita,  Breb. 

23.  G,  intrioatumf  Entz. 

24.  O.  subela^atum,  Gran. 

25.  O.  montanum,  Schnm. 

26.  Amphcra  ovalii,  Euti. 


Quart.  Joum.  Geol.  Soc,  1900,  Ivi,  p.  205. 
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27.  Cuwoneis  plaemhUa.'^a, 

28.  yar.  Hneata,  Gnin, 

29.  Aehuanthidium  lane$olatum^  Breb., 

Tar.  duhiay  Y.  H. 

30.  Epithemia  gibha^  Eutz. 

61.  BpUhemia    ffibba,    yet.  paraJUla, 

V.  H. 
32.  var.  davata  ( =  i?.  eUivata, 

J.L.B.,M8.mCoU.E.M.S.). 

88.  Tar.  ventrioota,  Kntz. 

84.  £.  zehray  Kntz. 

86.  YKr,probo8eidea,  Kutz. 

36.  E.  sorex,  Kntz. 

87.  i^.  gibherula,  Eutz. 

38.  JEnnoHa  ineisaf  Greg. 

39.  Fragilaria  mutabiliSf  Gnm. 

40.  Tar.  ffi^tfrm«df0,  Gnm. 

41.  F,  eomtrumSf  Gnm. 

42.  Tar.  venttr,  Gnm. 


48.  F.  vireaeetUt  EaUs. 

44.  Synedra  $plendeH9,  Kaiz. 

45.  i$.  ttAia,  Ehr. 

46.  8.  o»yrhynehu8f  Smitii. 

47.  Tar.  nova.  Tar.  mmoUpta, 

48.  Odontidium  mModon,  Entz. 

49.  Surirella  lineariSf  Smith. 

50.  8.  Smithii,  Balls  (a  lax^  form  of  it). 

51.  Nittachia  tenuU,  Smiw. 

52.  y.  amphibia,  Gnm. 

53.  Siephanoditeua  aitraa,  Gnm. 

54.  Tar.  spitmbna,  Gnm. 

55.  Cyeloiella  KuUingiana,  Thwaites. 

56.  (7.  opereulata,  Eutz. 

57.  Mehsira  aranukUa, 

Ra&8. 

58.  M.  crenuUUa,  Eutz. 

59.  M»  tenuis,  Eutz. 

60.  M.  distant,  Eutz. 


These  three 

mninto 

each  other. 


My  deepest  thanks  are  dne  to  Mr.  G.  T.  Prior,  of  the  British 
Moseum  (Natural  History),  to  Dr.  Wynne,  of  the  Boyal  College 
of  Science,  and  to  Mr.  Thomas  Comber, — to  Mr.  Prior  for  his 
kindness  in  examining  and  naming  the  rock  specimens,  and  in 
supplying  the  petrographical  descriptions ;  to  Dr.  Wynne  for 
chemical  analyses  of  water  and  rocks,  and  for  the  deep  interest 
he  has  shown  in  the  matter ;  and  to  Mr.  Comber  for  his  exhaustive 
examination  of  the  diatomaceous  earth. 
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I. — ^Ths  Geological  Histoby  of  thb  Biters  of  East  Yobkshibb, 
being  the  Sedgwick  Prize  Essay  for  the  year  1900.  By  F.  B. 
Cowper  Beed.  8vo.  London  (Clay),  1901,  4».  nett. — The  selection 
of  the  dependence  of  the  watercourses  of  a  country  upon  its 
geological  structure  as  the  subject  of  the  Sedgwick  Essay  for  1900, 
gave  Mr.  Beed  an  opportunity  of  turning  out  a  piece  of  work  on 
a  subject  which  has  not  received  that  attention  in  this  country  it 
has  deserved.  The  district  chosen  by  the  author  for  his  investigations 
has  been  carefully  surveyed  and  mapped,  and  due  acknowledgment 
has  been  made  of  the  work  of  the  Officers  of  the  Geological  Survey, 
and  particularly  of  that  of  Mr.  Fox-Strangways. 

Mr.  Beed  divides  his  essay  into  five  parts : — (1)  General  characters 
of  East  Yorkshire ;  (2)  Geological  structure ;  (3)  Physical  history  ; 

(4)  The  present  rivers  and  their  relations  to  the  geological  structure ; 

(5)  The  history  of  the  relations  of  the  rivers   to  the  geological 
structure.     His  observations  are  illustrated  by  maps. 

Mr.  Beed  draws  the  following  conclusions : — ''  By  the  preceding 
examination  of  the  geological  and  physical  evidence  we  have  traced 
the  general  outlines  of  the  evolution  of  the  present  drainage-system 
of  East  Yorkshire  through  several  successive  stages,  and  we  find 
that  its  history  is  intimately  bound  up  with  that  of  the  whole  of 
Eastern  England  since  Palaeozoic  times.    There  are  local  details 
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still  waiting  to  be  filled  in  and  branohes  of  the  subject  still  to  be 
inyestigatedy  bat  it  is  believed  tbat  they  will  prodaoe  no  evidenoe 
which  will  oontradict  the  main  results  here  worked  out.  The 
division  of  the  physical  history  of  the  region  since  Cretaceous  times 
into  six  stages  or  cycles  is  based  on  geological  evidence  which  is 
practically  incontrovertible;  the  assumptions  as  to  the  original 
slope  of  the  surface  and  the  deformation  of  the  peneplain  are 
supported  by  orographical  measurements  and  geotectonio  considera- 
tions of  great  weight,  as  well  as  by  being  in  harmony  with  evidenoe 
from  other  parts  of  England ;  and,  finally,  the  theory  of  consequent 
and  subsequent  streams  has  been  established  on  a  firm  foundation 
by  Davis  and  many  other  workers  in  the  same  field.  The  hypothesis 
of  the  secondary  origin  of  the  Moorland  anticlinal  as  a  watershed 
more  or  less  parallel  to  the  original  consequent  streams  has  been 
found  to  afford  a  natural  and  satisfactory  explanation  of  the  behaviour 
and  characters  of  the  watercourses  which  it  concerns;  and  the 
modifications  efifected  by  the  Glacial  Period  have  been  interpreted 
in  most  cases  from  direct  field-evidence." 

II. — BooEY  Mountain  Bsgion  of  Canada. — One  of  the  last 
labours  of  the  lamented  geologist,  George  Mercer  Dawson,  was 
his  presidential  address,  delivered  before  the  Geological  Society 
of  America  on  December  29th,  1900.  It  appeared  in  the  Bulletin 
for  February.  Dr.  Dawson  took  as  his  text "  The  Geological  Becord 
of  the  Bocky  Mountain  Begion  of  Canada.''  The  address  was  an 
enumeration  of  the  several  formations  now  known  to  be  represented, 
a  brief  description  of  each,  and  a  review  of  the  main  outlines  of  the 
geological  evolution  of  the  area  in  so  far  as  it  has  been  made 
apparent.  Dr.  Dawson  began  by  giving  a  sketch  of  the  physio- 
graphical  features,  then  he  took  the  various  formations  in  review, 
and  finally  gave  an  excellent  account  of  the  physical  history  of 
the  area. 

III. — ^Agb  of  the  Earth. — Professor  Joly's  paper  on  the  Age  of 
the  Earth,  discussed  by  Osmond  Fisher  in  the  Geological  Magazinb 
for  March,  1900,  recalled  to  the  memory  of  M.  P.  Budzki  a  method 
of  estimation  which  he  had  published  in  Petermann's  Mittheilungen 
in  1895.  Budzki  has  now  published  his  further  researches  and 
results  in  Bull.  Ac.  Sci.  Cracovie  (February,  1901).  The  paper  is 
printed  in  French. 

IV. — A  Fossil  Crab  and  other  Trails. — Cancer  proavitus, 
a  new  crab  from  the  Miocene  greensand  of  Martha's  Vineyard,  is 
described  by  Packard  in  Proc.  Amer.  Ac.  Sci.,  1900.  It  resembles 
the  living  irroratus,  and  provides  material  for  some  general  remarks 
on  the  phylogeny  of  the  genus  Cancer,  In  another  paper  in  ihe 
same  Proceedings  Mr.  Packard  describes  supposed  Merostomatons 
and  other  Palsdozoic  arthropod  trails,  with  some  notes  on  those  of 
lAmulua,  He  shows  that  there  is  a  marked  difference  between 
the  trails  of  limuloids  and  isopods,  and  that  while  the  trail  of 
Mero8tomiehnite$  Beecheri  is  limuloid,  that  of  MeroBiomichnitea  Narra- 
gan$ettenai8  is  isopodal. 
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V. — Shobteb  Gkolooical  Notbs.— In  his  report  of  progrees  of 
the  Laosanne  Museum  for  1900,  Professor  Beneyier  oalls  attentioii 
to  a  fine  ooUeotion  of  fossils  reoeiyed  by  the  Museum  from 
M.  Rittener,  of  Sainte-Croix.  The  ooUeotion  oontains  2,000  speoi- 
mens,  all  of  whioh  are  properly  located  and  zoned. 

A  SKIN  and  two  skulls  of  the  new  and  remarkable  mammal,  lately 
diaoovered  by  Sir  Harry  Johnston  in  the  forest  on  the  borders  of 
the  Congo  Free  State,  were  exhibited  before  the  Zoologioal  Society 
at  their  meeting  on  the  18th  June.  Sir  Harry  Johnston's  originid 
idea  that  the  animal  belonged  to  the  giraffes  was  endorsed,  it  having 
relations  with  the  extinot  Helladotheres.  It  was  named  Okapia 
Johnstoni. 

OusTAY  EsLLSs  has  drawn  and  Dr.  Andreae  has  described  six 
large  wall-diagrams  of  extinot  animals.  They  are — Bkytina  gigas, 
El^has  primigenius,  Trieeratops  and  Agathaumas,  Megaeeros  giganteuSf 
an  lohthyosaur,  and  a  Plesiosaur.  They  are  published  by  Th.  G. 
Fischer,  of  Oassel,  and  can  be  bought  separately  at  six  marks  apiece. 

In  Symons'  Meteorological  Magazine  for  June,  1901,  are  several 
matters  of  geological  interest.  There  is  a  report  of  the  Second 
Conference  for  the  International  Investigation  of  the  Sea  and  the 
Air ;  there  is  the  programme  drawn  up  by  the  Leeds  Committee  for 

Sroposed  Observations  on  Dew-ponds;  and  there  is  a  note  on  the 
forwegian  Rainfall  Service,  in  which  service  snow  and  rain  are 
measured  in  separate  gauges. 

I'hb  School  of  Mines  and  Industries  of  Bendigo,  Victoria,  issues 
an  Annual  Report  for  the  year  ending  June,  1900,  of  96  pages.  The 
MacgilHvray  Museum  attached  to  the  School  pays  special  attention 
to  mining  matters,  and  the  curator  asks  for  donations  of  books  and 
specimens  connected  with  the  subject  The  syllabus  of  examinations 
is  a  full  one.  The  Mining  Science  Society  seems  to  have  had 
a  successful  year  of  work. 


I^  DS3  •V  I  E  ^W  S. 


I.— The  C  AUG  ASUS. 

AUS   DKN   HOOHBEQIONEN    DBS   KaUKASUS.      WaNDEBTJNGEN,    EbLBB- 
NIS8E,    BeOBAOHTUNGBN   VON   GOTTFBIED  MeBZBAOHBB.      2   Vols.  : 

pp.  xxxviii,  958  and  964,  with  246  illustrations  and  a  map. 
(Leipzig :  Duncker  &  Humblot) 

HERR  MERZBACHER  has  observed  the  Horatian  rule  of 
keeping  a  book  in  the  desk  for  nine  years,  because  the 
journey  of  whioh  this  is  the  fruit  was  undertaken  in  the  Summer 
and  Autumn  of  1891.  He  was  accompanied  by  the  well-known 
Alpine  climber,  Herr  L.  Purtscheller,  who,  however,  returned  rather 
before  his  friend,  and  by  two  guides  from  Kals.  Though  the  weather 
at  times  was  unpropitious  they  succeeded  in  ascending  several 
important  peaks,  such  as  Elbruz,  Tetnuld,  Dongus-orun-Jusengi- 
Baschi,  a  mountain  as  difficult  as  its  name,  its  companion  Sulu- 
kol-Baschi,    Dsohang^tau,    Kasbek,    Gimarai-Chooh,    and   others. 
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besides  an  unsuooessfol  attempt  on  Usobba,  the  Matterhom  of 
the  Oauoasus — sixteen  peaks  in  all,  ranging  in  height  from 
13,000  to  oyer  18,000  feet — together  with  other  excarsions  during 
a  journey  along  the  greater  part  of  the  chain  from  west  to  east. 
After  giving  some  account  of  his  expeditions  in  the  publications 
of  the  German- Austrian  Alpine  Club  for  1892,  Herr  Merzbacher 
has  worked  up  the  material  into  two  bulky  volumes.  His  book 
must  be  the  outcome  of  great  and  assiduous  labour,  for  he  has 
apparently  made  himself  master  of  the  literature  of  the  Caucasus, 
or  at  any  rate  of  all  that  is  accessible.  He  describes  the  physical 
characters,  geology,  glaciers  and  glaciation,  the  meteorology,  and  the 
ethnology  of  this  great  mountain  chain,  which,  unlike  the  Alps,  is 
more  of  a  bridge  than  a  barrier  between  the  east  and  the  west  He 
might  apply  to  the  Caucasus  the  well-known  epigram  '*  what  there 
is  to  know  I  know  it,"  and  he  places  this  at  the  disposal  of  his 
reader.  The  present  work  differs  mainly  from  the  two  handsome 
volumes  published  by  Mr.  Douglas  Freshfield  in  1896  in  that  it  is 
written  more  definitely  from  the  scientific  point  of  view,  and  thus 
is  practically  a  monograph  on  the  Caucasus.  Both  works  contain 
good  maps  and  are  enriched  with  numerous  illustrations,  but  those 
in  the  one  before  us,  though  in  many  cases  excellent,  hardly  succeed 
in  reaching  the  level  of  the  best  in  Mr.  Freshfield's  book. 

To  do  justice  to  Herr  Merzbacher*s  work  would  require  an  essay, 
so  that  it  must  suffice  to  notice  a  few  points  of  special  interest  to 
geologists.  In  the  main  the  author  accepts  the  conclusions  in  regard 
to  the  structure,  orography,  and  geology  of  the  Caucasian  chain  which 
I  expressed  in  an  appendix  contributed  to  Mr.  Freshfield's  book. 
As  a  mountain  system  the  Caucasus  is  more  elevated,  but  less  complex 
in  structure  than  the  Alps.  The  author  has  drawn  up  a  list  of 
the  principal  peaks  in  each,  which  demonstrates  that  those  in 
the  Caucasus  tower  above  their  bases  (like  Mont  Blanc  above 
Chamonix)  fully  a  thousand  feet,  and  sometimes  considerably 
more,  than  those  in  the  Alps;  the  crest  of  the  chain  also 
is  more  elevated,  and  conspicuous  gaps,  at  any  rate  in  the 
western  half,  are  fewer.  The  average  height  of  the  snow-line 
in  the  Caucasus  is  7,690  feet  on  the  north  side,  and  7,950  feet 
on  the  south,  though  on  the  former  a  glacier  comes  down  to 
5,791  feet  and  on  the  latter  to  5,325  feet,  but  on  taking  an 
average  of  nearly  twenty  in  each  case,  those  on  the  north  side,  as 
might  be  expected,  descend  lower  by  about  240  feet.  On  two  points 
Herr  Merzbacher  inclines  to  differ  from  me.  The  mention  of  some 
important  conglomerates  in  beds  of  Miocene  age  led  me  to  infer 
that  the  Caucasus,  like  the  Alps,  had  been  pn^uced  by  two  sets 
of  earth-movements,  the  mountain  chain  being  due  mainly  to  the 
former,  the  eruptions  to  the  latter.  He  refers  the  whole  to  a  single 
set  of  movements  corresponding  with  the  later  or  Pliocene  age. 
Again,  I  thought  it  more  probable  that  the  mountain-making  thrusts 
had  come  from  the  north  ;  he  gives  them  an  opposite  direction.  Much 
may  be  said  on  both  sides,  but  so  far  as  I  can  see,  instead  of  bringing 
forward  any  new  evidence  he  contents  himself  with  calling  my 
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opinion  ''rein  theoretiBcb/'  forgetting  to  remark  that  I  oarefolly 
stated  this  to  be  an  hypothesis  which,  with  one  or  two  more,  was 
advanced  as  being,  in  my  opinion,  **  the  most  probable  interpretation 
of  such  £Acts  as  have  been  ascertained." 

Herr  Merzbacher  collected  a  fair  number  of  geological  specimens, 
which  are  minutely  described  by  Dr.  L.  von  Ammon  in  an  appendix. 
The  latter  separates  them  into  four  groups :  (I)  the  Archasan  rocks 
of  the  Central  Massif;  (II)  diabases  and  contact  rocks  from  Gimarai- 
Ohoch  to  Easbek;  (IH)  black  shales  or  slates,^  and  sandstones; 
(lY)  younger  eruptive  rocks.  He  also  has  given  a  note  on  some 
sinter  from  the  hot  springs  of  Saniwa.  (I)  Additions  have  been 
made  to  the  detailed  knowledge  of  the  Central  Massif  even  since 
the  publication  of  Mr.  Freshfield's  volumes,  and  now  Dr.  von  Ammon 
describes  specimens  collected  from  some  of  its  important  summits. 
Among  them  is  a  gneiss,  with  two  species  of  micc^  from  Dongus- 
orun ;  the  rocks  on  the  upper  part  of  this  mountain  are  mostly 
granitic  and  Dr.  von  Ammon  thinks  the  gneissic  character  of  this 
specimen  may  be  due  to  pressure.  Next  come  a  white  granite, 
oontaining,  however,  some  scales  of  biotite  (passing  into  a  chloritic 
mineral)  from  Uschba:  a  biotite  granite  from  Sulu-kol-Baschi ; 
granite  with  two  micas  ftrom  Tetnuld :  green-speckled  white  granite 
from  Dschanga-tau  (these  three  being  the  highest  rocks  on  the 
peaks)  with  a  chlorite  epidote  schist  and  a  quartzose  epidote  rock 
from  the  last-named  mountain,  a  rather  fine-grained  green-speckled 
granite  from  the  peak  of  Sugan-Tau,  and  a  diabasic  rock  from 
that  of  TeplL  The  localities  rather  than  their  petrographical 
character  give  an  interest  to  all  these.  So  it  was  with  the  few 
which  I  examined  for  the  late  Mr.  Donkin  in  1887.  (II)  Gimarai- 
Choch,  15,676  feet  high,  lies  rather  more  than  five  miles  to 
the  west  of  Easbek.  The  rock  of  the  actual  peak  is  a  diabase, 
which  has  been  minutely  examined,  but  seems  not  to  be  specially 
interesting,  except  that  a  little  quartz  is  present;  varieties  of 
the  same  rock  were  brought  from  a  rather  lower  level,  on  one 
x>f  which  were  some  glass  splashes,  doubtless  due  to  lightning; 
a  schalstein  or  diabase  tuff  was  obtained  rather  more  than  300  feet 
below  the  peak,  and  specimens  of  sedimentary  rocks  (komsehiefer 
and  sehieferiger  homfeU),  probably  members  of  the  next  group,  were 
also  obtained  on  this  mountain.  (Ill)  Dr.  von  Ammon  separates 
these  (sedimentary  rocks)  into  three  groups :  (a)  the  first,  dark 
MchiefeTf  he  assigns,  for  reasons  presently  to  be  given,  to  the 
Jurassic  system;  (5)  the  second,  also  black  schi^er,  from  th^ 
Pirikitelisch  range  in  the  Eastern  Caucasus  and  from  Daghestan ; 
(e)  those  from  Laila.  They  have  been  carefully  studied,  for  doubt 
has  been  expressed  as  to  their  geological  age.  Favre  daimed 
to  have  identified  BythotrepMs  in  some,  and  assigned  these  to 
the  Palfldozoic  era.  This  identification,  however,  has  been  dis- 
puted,   so    that    further   evidence   is   desirable.      Most   of   Herr 

^  The  ambieuous  word  »ehirfer  is  used.  Perhaps  some  day  Oontineiital  geologists 
will  pat  an  ena  to  a  long-standing  confusion  by  using  one  term  for  a  cleared,  another 
for  an  onoleaTed  rock.    Hwe,  I  expect,  the  rocks  are  commonly  slates. 


Digitized  by  VjOOQ IC 


Reviews — O,  Merzbacher — On  the  Caucasus.  875 

Merzbaoher's  speoimens  are  unfossiliferoos,  while  some  of  the  dark 
$ehiefer  contain  uamerous  rutile  needles ;  this,  however,  is  not 
ooDolusive,  and  on  the  whole  Dr.  von  Ammon  is  disposed  to  refer 
them  to  the  Jurassio  period,  to  which  one  sandstone,  from  its 
fragments  of  eohinoderms,  almost  certainly  belongs.  But  Herr 
Merzbacher  speaks  in  his  narrative  of  sehie/er  which  he  regarded  as 
more  ancient,  so  it  is  very  possible  (as  I  pointed  out  in  1896)  that 
these  dark  rocks  may  be,  some  of  Mesozoic,  some  of  an  earlier  date, 
(c)  The  rocks  of  Laila  come  next,  with  which  we  may  consider 
(a)  already  mentioned.  Laila  (13,400  feet)  is  a  peak  to  the 
S.S.E.  of  Elbruz,  but  on  the  opposite  side  of  the  watershed.  On  it 
Signer  Sella  in  1889  found  some  fragments  of  crinoids.  These,  as 
was  explained  in  the  appendix  to  Mr.  Freshfield's  book,  were 
considered  by  Mr.  Bather  and  Dr.  Qregory  to  resemble  most  nearly 
Balanoerinus,  a  subgenus  of  Pentaerinus,  of  late  Cretaceous  or 
Tertiary  age,  while  Herr  Merzbacher,  both  then  and  now,  placed 
them  very  near  Mctraorinus  subangfdaris,  a  Liassic  species.  Dr.  von 
Ammon,  after  examining  some  other  specimens  collected  by  his 
friend,  agrees  with  him  in  the  identification  and  in  referring  the 
rocks  to  the  Lias.  Fossils  were  also  obtained  at  a  spot  in  the  heart 
of  Daghestan  between  Tindi  and  Aknada.  Among  them  are  joints  of 
a  pentaerinus,  which  Dr.  von  Ammon  figures,  assigning  it  to  a  new 
species,  P.  Merzhaeheri,  which  is  near  to  P.  pentagonalis  (Gh)ldf.), 
and  very  probably  belongs,  like  it,  to  the  Callovien,  or,  at  any  rate, 
the  Middle  Jura.  A  pecten  was  also  found,  which  closely  resembles 
P.  persanaius  (Goldf.),  also  a  Jurassic  form.  Hence  the  upper  part  of 
LaUa  is  more  probably  composed  of  Jurassic  than  of  Cretaoeo-Eocene 
rocks.  (IV)  With  the  younger  eruptive  rocks  comes  a  specimen 
from  the  western  summit  of  Elbruz,  obtained  possibly  at  a  slightly 
greater  elevation  than  that  which  I  examined.^  Dr.  von  Ammon 
seems  to  think  my  description  too  brief,  but  I  believe  that  I  omitted 
nothing  of  importance,  and  doubt  the  utility  of  enlarging  on  trivial 
details.  His  specimen,  however,  contains  a  little  hypersthene '  and 
quartz,  both  of  which  are  absent  from  mine.  The  rock  of  which 
he  gives  an  analysis  contains  63*80  of  SiOj,  with  a  rather  high 
percentage  of  alkalies,  viz.  Na,0  =  5-47  and  El,0  =  3-26,  but 
is  not  otherwise  remarkable;  very  probably  the  two  specimens 
represent  slightly  different  ejections.  He  expresses  a  doubt  whether 
this  peak  is  a  broken  crater,  but  the  descriptions  of  earlier  visitors 
(a  violent  gale  gave  Herr  Merzbacher  little  opportunity  of  making 
observations)  seem  fSAVonrable  to  the  idea.  Li  any  case  he  regards 
the  volcano  as  comparatively  modem,  thinking  it  may  have  continued 
its  eruptions  even  into  the  Glacial  Epoch.  The  remaining  specimens, 
three  in  number,  come  from  Kum-tube,  a  mountain  rising  from  the 
Tsch^l^m-thal  on  the  northern  side  of  the  watershed,  some  thirty 
miles  east  of  Elbruz.    The  volcanic  rocks,  which  have  been  already 

*  Proc.  Eoy.  Soc.,  1887,  toI.  xlii,  p.  318. 

'  I  haye  again  examined  m^  slice,  bnt  thonj^h  a  ^oxene  is  certainly  (I  said 
possibly  before)  present  in  ffrains  of  rather  variable  size,  most  at  any  rate  giye  an 
obHqne  extinction.    But  I  &ink  it  may  also  contain  aboat  two  flakeleto  of  biotite. 
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noticed  by  Abioh,  break  through  and  alter  Jarassic  sediments. 
Some  of  diem  are  hyperstbene-augite  andesites  (the  former  mineral 
dominating  markedly  in  two  specimens) — that  on  the  summit  distin- 
guished by  the  epithet  vitrophyrischer — and  another  is  a  homblende- 
biotite-daoite.  lliese  aoooidingly  seem  to  be  nearly  related  to  the 
Tolcanic  rocks  of  Elbruz  and  Easbek,  and  to  belong  to  the  same 
group  as  those  of  Ararat 

We  have  dwelt  chiefly  on  the  petrology,  because  that  has  received 
such  close  attention,  but  valuable  geological  information  is  intro- 
duced into  the  narrative  throughout  the  book.  Herr  Merzbacher, 
however,  does  not  forget  to  notice  the  physical  geography,  the 
natural  history,  the  inhabitants  of  the  various  districts,  their  dress, 
accoutrements,  architecture,  and  habits  of  life.  All  these  are 
abundantly  illustrated  by  reproductions  of  photographs,  which  are 
valuable  to  the  ethnologist,  and  will  be  more  so  in  the  future,  as  the 
distinctive  characteristics  of  trilies  once  isolated  by  the  obstacles  of 
a  mountain  region  disappear  before  the  advance  of  European 
civilization.  The  book,  in  fact,  is  a  monument  of  laborious  research 
and  a  perfect  mine  of  information,  which  will  be  useful  alike  to  the 
mountaineer,  the  traveller,  and  the  scientific  student 

T.   G.    BONMBY. 


II. — SiLXJBIAN   CsiNOinS  OF  ChTOAQO. 

The  Paleontology  or  the  Niaoaban  Limestone  in  the  Chioaoo 
Abba.  The  Cbinoidea.  By  Stuabt  Wblleb.  Bull.  Nat  Hist 
Survey  Chicago,  IV,  part  1,  163  pp.,  xv  pis.,  and  text-figures ; 
27  June,  1900. 

THE  Grinoids  of  the  Niagara  Limestone  of  the  Chicago  region, 
including  south-eastern  Wisconsin,  have  been  the  subject  of 
publications  by  Winohell  &  Marcy,  James  Hall,  and  S.  A.  Miller. 
Nevertheless  the  amount  written  was  by  no  means  proportional  to 
the  size  of  the  fauna,  and  a  large  number  of  species  escaped  notice 
even  in  Wachsmuth  <&  Springer's  great  Monograph  of  the  North 
American  Camerata.  This  has  not  been  due  to  want  of  material, 
for  the  collections  of  these  fossils  are  many  and  rich,  but  to  their 
unattractive  appearance  as,  for  the  most  part,  internal  casts  of  the 
llieca  alone  in  a  coarse  dolomite.  Gratitude  and  praise  are  therefore 
due  to  the  energetic  instructor  in  palaeontology  at  the  University  of 
Chicago,  Dr.  Stuart  Weller,  for  the  trouble  that  he  has  taken  in 
deciphering  this  unpromising  material  and  for  presenting  the 
results  in  this  clearly  written  and  clearly  illustrated  memoir. 

The  results  are  of  wider  interest  than  might  have  been  anticipated. 
It  was  hardly  to  be  expected  that  Dr.  Weller  should  discover  new 
facts  of  morphology,  nor  has  he  done  so.  But  the  Crinoidea,  perhaps 
to  a  larger  extent  than  the  other  elements  of  the  fauna,  shed  mu^ 
light  on  the  problems  of  distribution.  They  are  represented  by  no 
less  than  69  species  (Dr.  Weller  says  68),  classified  as  follows : — 
MoHOCYOLioA,  Inadunata,  8Uphanoer%nu$  1  sp.,  MydodaeiyluB  1  sp., 
ZophoerinuB  1   sp.;   Adunata,  Platycrinusf  [probably  one  of  the 
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Gooooorininaa]  1  n.sp.,  Marsipocrinus  1  n.sp. ;  Oamerata,  MdoerinuB 
or  Mariacrinw  (the  evidence  of  the  fixed  brachials  suggests  the 
former  genus  to  Dr.  Weller,  but  to  me  the  latter)  1  sp., 
Mderostylocrinua  4  spp.  of  which  two  are  new,  Corymbocrinus 
(i.e.  Clonoerinua)  2  n.spp.,  Euealyptocrinus  13  spp.  of  which  three 
are  new,  Callicrinus  9  spp.  of  which  four  are  new,  the  allied 
ChicagocrinuB  n.g.  with  2  n.spp.,  Feriechocrinus  7  spp.  of  which 
one  is  new ;  Diotolioa,  Inadunata,  Ampheristocrinua  1  n.sp., 
Cyathocrinus  3  spp.  of  which  one  is  new,  Crolalocrinus  1  n.sp., 
BotryoerinuB  1  sp.  ;  Flexibilia,  Pycnoaaceua  1  n.sp.,  Lecanocrinus 
2  spp.,  lehthyocrinus  1  sp.,  and  the  doubtful  Oazaerinua  2  n.spp. ; 
Oamerata,  Thy$anoerinu8  (i.e.  Dimerocrinus)  4  spp.,  CyphocrinuB 
1  n.sp.,  Zampteroerinus  4  spp.  of  which  three  are  new,  SiphonocrinuB 
S  spp.,  ArehcBoerinuB  1  n.sp.,  ZyrioerinuB  1  sp.  Thus  this  region 
**  contains,  next  to  the  Island  of  Gotland  ...  a  larger  number 
of  species  of  crinoids  of  this  horizon  than  any  similar  region  in  the 
world,  so  far  as  is  known  at  the  present  time."  Dr.  Weller  credits 
Qotland  with  172  species ;  but,  as  he  rightly  says,  *'  these  are  not  all 
associated  in  the  same  stratum."  There  are  probably  more  than  69 
species  in  bed  /  of  Gotland,  but  fewer  in  bed  d,  which  latter  alone 
corresponds  to  the  Niagaran.  Failure  to  recognize  this  vitiates  the 
contrast  of  '*  only  six  species  of  inadunate  crinoids  in  the  Chicago 
fauna  against  40  in  Gotland,"  for  bed  d  has  yielded  only  two 
Inadunate  species,  whereas  I,  with  the  classification  given  above, 
find  nine  in  the  Chicago  fauna.  In  this  connection  it  is  interesting 
to  note  that  bed  d  in  Gotland  is  characterized  by  abundant  Eucalypto- 
crinidsa,  Dimerocrinidad,  and  PeriechocrinidsB,  and  that  these  are 
the  families  most  largely  represented  in  the  Chicago  area.  The 
really  interesting  point,  however,  is  that  the  crinoid  fauna  of  this 
area,  and  indeed  the  Silurian  fauna  of  the  Mississippi  valley 
generally,  is  related  to  the  contemporaneous  fauna  of  north-western 
Europe  more  closely  than  to  the  neighbouring  New  York  fauna. 
The  present  memoir  describes  species  of  CrotalocrinuB,  FycnoaaccuB, 
and  CorymboerinuB  (i.e.  ClonocrinuB),  genera  hitherto  known  only 
from  England  and  Scandinavia,  if  we  except  a  few  CrotalocrinuB 
stems  from  Arctic  America.  Dr.  Weller,  from  the  consideration  of 
this  and  other  evidence,  concludes  that  the  connection  was  by  way 
of  a  "  North  Polar  sea  with  a  great  tongue  stretching  southward 
through  Hudson  Bay  to  about  latitude  33^.  ...  At  the  latitude 
of  New  York  there  was  a  bay  reaching  to  the  eastward,  in  which 
the  Silurian  sediments  of  the  New  York  system  were  deposited." 
Labrador,  Greenland,  and  Scandinavia  formed  a  more  or  less 
continuous  land  mass,  around  which  another  tongue  of  the  northern 
sea  extended  south  into  Europe.  In  this  connection  Dr.  Weller 
raises  an  imaginary  difficulty  by  saying  that  **  in  western  Bussia  the 
Silurian  strata  are  not  exposed " ;  they  are  indeed  not  so  fully 
developed  as  the  Cambrian  and  Ordovioian,  but  they  do  occur,  and 
are  also  found  on  the  mainland  of  Sweden  and  Norway  and  in 
Belgium,  countries  in  which  Dr.  Weller's  map  does  not  indicate 
them.    These  corrections  of  course  do  but  strengthen  Dr.  Weller's 
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Buggestion  ;  bat  it  remains  no  more  than  a  Boggestion,  to  be  oonfirmed 
or  rejeoted  when  oar  knowledge  of  Silurian  faunas  is  far  greater  than 
it  now  is.  A  remembrance  of  the  numerous  local  variations  in  the 
character  of  the  Silurian  faunas,  and  of  the  sporadio  distribution  of 
many  genera,  especially  among  orinoids,  should  make  us  exceedingly 
cautious.  It  is  well,  however,  to  keep  these  broad  questions  before 
our  minds,  since  they  emphasize  the  need  for  the  most  detailed 
systematic  description  and  the  most  exact  collecting. 

In  view  of  the  importance  of  correctness  and  exhaustiveness  in 
work  of  this  nature,  it  nteiy  be  as  well  to  remedy  a  few  slips  and 
omissions  that  have  very  naturally  crept  in,  as  well  as  to  make 
a  few  minor  suggestions.  Dr.  Weller  gives  a  Bibliography  of 
Silurian  Crinoidea,  believed  to  be  nearly  complete  so  far  as  American 
literature  is  concerned.  It  does  not,  however,  contain  the  names 
of  F.  de  Castelnau,  E.  J.  Chapman,  T.  A.  Conrad,  B.  F.  Shumard, 
B.  P.  Whitfield,  or  L.  P.  Yandell ;  nor  is  there  reference  to 
J.  Hall's  paper  in  Trans.  Albany  Insiitutef  x,  p.  57,  or  to  Beachler's 
notes  in  the  American  Geologist,  vii,  p.  178,  and  ix,  p.  408.  Beference 
to  J.  W.  Salter's  appendix  to  Sutherland's  *'  Journal,"  1852,  might 
give  Dr.  Weller  more  information  about  Arctic  American  crinoids, 
while  he  might  be  interested  in  a  note  of  my  own  on  Brachiocrinus 
{Amer.  OeoL,  xvi,  p.  213).  Neither  that  genus  nor  its  unique 
species  is  mentioned  in  his  very  useful  list  of  Silurian  Crinoids, 
which  also  lacks  my  Boiryocrinus  decadactylus  and  B.  ramosus. 
A  stranger  omission  is  that  of  Hapalocrintis  retiarius  (Phillips,  as 
Actinocrinus),  Hapalocrinus,  which  is  due  to  Jaekel,  is,  as  one 
anticipated,  confused  with  Haplocrinus,  Steininger.  Dr.  Weller 
does  not,  of  course,  intend  his  list  as  authoritative  on  nomenclature ; 
but  it  is  as  well  to  point  out  that  Oyaihocrinus  capillaris,  Phillips, 
is  a  Oissoerinus,  that  Poteriocrinus  dudleyensis,  Austin,  is  at  all 
events  not  a  Cyathocrinus,  that  Pisocrinus  tnilligani,  Mill.  &  Gurl., 
is  synonymous  with  P.  quinqudobus,  Bather,  and  that  Pyenosaeeus 
ornatus,  Weller,  is  apparently  a  lapsus  calami  for  P.  amerieanus, 
Weller.  I  may  further  take  this  opportunity  of  stating  that 
Arachnoorinus,  Callicrinus,  CalpiocrinuSt  Cordylocrinus,  Desmidoerinus, 
Hapalocrinus,  Zyriocrinus,  Mariacrinus,  Patelliocrinus,  Pyenosaeeus^ 
StephanocrinuSf  and  perhaps  other  genera,  are  represented  in  the 
Wenlock  Limestone  or  Wenlock  Shale  of  England,  although  not 
so  indicated  in  Dr.  Weller's  list  of  genera  (in  some  cases  through 
inadvertence).  This  substantiates  the  criticism  that  Dr.  Weller's 
comparative  census  is,  through  no  fault  of  his,  a  little  too  "  previous." 

The  memoir  contains  a  general  account  of  crinoid  structure  which 
should  be  useful  to  those  for  whom  it  is  intended.  But  is  it  quite 
safe  to  say  that  the  food-supply  of  a  crinoid  is  increased  by  its 
stationary  position  ?  The  assertion  seems  to  ignore  the  locomotive 
power  of  those  crinoids  that  are  not  attached  as  well  as  the  action 
of  ciliary  currents.  At  any  rate  it  is  misleading  to  describe 
Carabocrinus  as  <'  a  very  simple  crinoid  whose  dorsal  cup  consists 
entirely  of  three  circles  of  plates."  The  definition  of  the  terms 
*  proximal '  and  *  distal '  applies  only  to  the  dorsal  elements ;  for 
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Tentral  elements  the  oentre  of  referenoe  is  the  oral  pole.  Figure  IS 
is  labelled  FtBoerinm  jUxgdlifety  a  name  that  is  a  synonym  of 
P.  pt7ti{a.  Fig.  14  is  labelled  Cyailiocrinw  ramoaus,  just  as  all 
text-book  writers  persist  in  labellmg  it,  although  in  1893  I  proved 
that  the  specimen  belonged  to  0.  longimanus. 

The  descriptions  of  the  species  are  dear,  but  comparison  would 
have  been  facilitated  had  the  author  been  at  the  pains  to  construct 
diagnoses;  while  the  labours  of  his  successors  might  have  been 
lightened  had  he  fixed  on  type-specimens  for  his  new  species  and  told 
US  in  what  collections  such  specimens  were  preserved.  A  few  minor 
points  also  need  elucidation.  Thus,  the  description  of  the  arms  in 
OifathoerinuB  cora  does  not  seem  to  me  to  agree  with  Figs.  8  and  9 ; 
since  this  is  the  most  striking  feature  of  the  species,  enlarged 
drawings  should  have  been  given.  The  diagram  of  Ampheristocrinua 
on  p.  67  seems  to  agree  wit£  the  new  species  J.»  dtibius  rather  than 
with  A,  typuB ;  but  this  is  misleading.  The  arms  of  the  new  species 
LampieroerinuB  dubim  are  said  to  differ  from  those  of  typical  species 
'*  in  having  no  brachial  plates  of  higher  order  than  the  oostab/' 
or  primibrachs ;  but  since  the  arms  are  not  preserved,  it  is  hard  to 
see  how  this  can  be  proved.  ArehaocrinuB  has  hitherto  been 
recognized  only  in  the  Trenton  Limestone,  but  a  species  A.  depresBus 
is  here  described,  although  the  elevated  median  series  of  anals  is 
not  characteristic  of  the  genus.  The  new  species  described  as 
PlatycrinuB  (?)  dMu$  shows  no  sign  of  the  large  interradials  usual 
in  that  Carboniferous  genus,  and  is  more  likely  to  be  a  Coecocrinus 
or  CordylocrinuB.  Dr.  Weller  says  that  for  most  of  his  generic 
descriptions  he  is  largely  indebted  to  the  publications  of  others. 
It  is  therefore  not  clear  how  much  weight  is  to  be  attached  to  his 
accounts  of  Oazaerinus,  StephanocrinuSt  and  2kfphocrinu8,  all  genera 
about  which  fresh  information  was  badly  wanted.  Dr.  Weller's 
own  palaBontological  work  has  been  quite  enough  to  justify  him  in 
publishing  his  own  opinions  and  descriptions,  and  such  a  course 
would  more  advance  science  and  would  fix  the  responsibility  for 
certain  doubtful  statements. 

Dr.  Weller's  further  studies  in  the  palaeontology  of  the  Niagaran 
Limestone  of  Chicago  will  be  awaited  with  interest.  They  are 
likely  to  fulfil  the  promise  of  this  first  one,  and  perhaps  if  the  author 
will  take  a  friendly  hint  or  two  they  will  meet  with  an  even  more 
favourable  reception.  F.  A.  Bathbb. 


OBEJi^OiaTS     J^lSriD     :P£^OOJa3B3X>IISrGhS. 


Gbolooioal  Sooirtt  of  London. 

L— June  6th,  1901.— J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.R.S.,  President, 
in  the  Chair.    The  following  corarauiiications  were  read  : — 

1.  ''  On  the  Passage  of  a  Seam  of  Coal  into  a  Seam  of  Dolomite.'^ 
By  Aubrey  Strahan,  Esq.,  M.A.,  F.G.S. 

The  author  was  informed  by  Mr.  N.  R.  Griffith  in  1900  that  the 
Seven-Feet  Seam  of  the  Wirral  Colliery  had  been  found  to  pass  into 
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stone  of  an  unusual  oharaoter.  For  a  distanoe  of  1,600  yards  from 
the  abaft  this  seam  was  good,  and  about  4  feet  thick.  A  little 
farther  in,  bands  of  stone  from  1  to  10  inches  thick  made  Uieir 
appearance  in  it,  and,  gradually  increasing  in  thickness,  these  bands 
eventually  constituted  the  whole  seam,  the  last  traces  of  workable 
ooal  disappearing  at  250  yards  from  the  point  where  the  change 
first  began.  The  boundary  of  the  barren  area  has  been  found  for 
a  distance  of  1,480  yards,  and  it  runs  north  and  south.  The  stone 
is  at  first  black,  but  after  weathering  it  becomes  grey,  and  displays 
curious  structures,  among  which  are  pisolitic  or  mammiUated 
structures,  the  intervening  spaces  being  filled  vnth  coaly  matter. 
One  specimen  displays  woody  tissue  filled  with  dolomite.  Analyses 
by  Dr.  W.  Pollard  yield  from  18-5  to  18  per  cent  of  magnesia. 
The  phenomena  are  not  those  of  a  *  wash-out,'  as  there  is  no  sign 
of  erosion,  but  there  is  proof  that  the  dolomite  was  formed  in  almost 
motionless  water,  and  the  conditions  appear  to-  have  been  thoae 
under  which  a  tufa  would  form.  It  appears  to  have  been  formed  on 
a  spot  to  which  clastic  material  scarcely  gained  access,  and  which 
was  reached  even  by  vegetable  matter  in  scant  quantity  and  in 
A  finely  divided  condition. 

2.  **  On  some  Landslips  in  Boulder-clay  near  Scarborough."  By 
Horace  W.  Monckton,  Esq.,  F.L.S.,  V.P.Q.S. 

In  1893  Mr.  Clement  Reid  drew  attention  to  a  foliated  structure 
developed  in  Drift  at  Beeston,  near  Cromer  (Proc.  Qeol.  Assoa, 
vol.  xiii,  p.  66),  and  soon  afterwards  the  present  author  noticed 
examples  of  a  very  similar  character  in  Boulder-day  on  the 
Yorkshire  coast.  The  Clay  forms  much  of  the  cliffs,  and  slips, 
large  and  small,  are  very  frequent  When  the  Clay  is  dry,  vertical 
•cracks  forming  a  sort  of  columnar  structure  occur,  and  the  Clay 
breaks  away  in  lumps,  while  a  moister  condition  causes  flow, 
producing  more  or  less  horizontal  flow-structure  which,  as  in  the 
CIromer  case,  has  the  appearance  of  irregular  bedding.  The  author 
illustrated  his  remarks  by  photographs  of  the  cliffs  taken  by  himself. 


II.-^une  19th,  1901.— J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "  On  the  Use  of  a  Geological  Datum."  By  Beeby  Thompson, 
Esq.,  F.G.S.,  F.C.S. 

A  proper  interpretation  of  geological  phenomena  frequently 
requires  that  allowance  shall  be  made  for  differential  earth-move- 
ments that  have  taken  place  since  the  period  under  consideration. 
Present  differences  of  level  in  rocks  of  the  same  age  may  be  due 
io  actual  differences  in  depth  of  the  sea-floor  on  which  they  were 
deposited ;  but  they  may  also  be  the  result  of  subsequent  differential 
earth -movements.  The  rock  selected  as  a  datum  should  combine 
as  far  as  possible  the  following  characteristics : — It  should  be  thin, 
of  considerable  horizontal  extension,  having  similarity  in  physical 
characters  and  palsBontological  contents  over  a  large   area,  and 
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situated  as  near  as  possible,  in  vertical  sequence,  to  tbe  reference 
deposit.  In  Northamptonshire  three  formations  meet  these  require- 
ments^the  Rhsstio  beds,  the  Marlstone  Rock-bed,  and  the  Corn- 
brash.  The  author  applies  the  Marlstone  rock-bed  as  a  datum  to 
the  study  of  the  five  chief  deep  explorations  in  Northamptonshire, 
with  the  following  results  : — While  the  old  land-surface  (below  the 
Trias)  now  varies  in  height  by  more  than  250  feet,  the  variation  in 
thickness  of  the  rocks  between  it  and  the  Middle  Lias  only  reaches 
66^  feet;  and  although  the  old  land-surface  is  actually  lowest 
where  the  BhsBtic  rocks  have  not  been  detected,  when  compared 
with  the  position  of  the  Marlstone  it  is  found  to  be  the  highest 
The  further  application  of  the  same  method  enables  the  author  to 
recognize  Rhsstic  rocks  at  Northampton,  to  correct  the  record  of 
the  Kingsthorpe  shaft,  and  to  explain  the  presence  of  Triassic  saline 
water  in  the  Marlstone.  A  revised  section  of  the  Kingsthorpe  shaft 
is  given.  Another  point  proved  is  that  a  general  levelling-up 
process  was  going  on  just  before  the  beginning  of  the  Lower  Liassic 
Period,  and  another  at  the  close  of  the  Middle  Liassic  Period. 

2.  <'0n  Intrusive,  Tuff-like,  Igneous  Rocks  and  Breccias  in 
Ireland."  By  James  R.  Kilroe,  Esq.,  and  Alexander  McHenry,  Esq., 
M.R.I.A.  (Communicated  by  R.  S.  Herries,  Esq.,  M.A.,  Sec.  G.S., 
with  the  permission  of  the  Director  of  H.M.  Geological  Survey.) 

Many  fragmental  igneous  rocks,  although  resembling  tuffs,  cannot 
be  regarded  as  ejectamenta  on  account  of  their  character  and  mode 
of  occurrence  in  the  field.  Rocks  of  this  type  occur  to  the  east 
of  Lough  Eake  in  Donegal,  in  the  district  of  Forkhill  in  Armagh, 
at  Blackball  Head  in  Cork,  in  Waterford,  near  Arklow,  in  Wexford, 
and  elsewhere.  Sometimes  they  consist  of  partly  fused  and  broken- 
up  felspathic  mica-schist  merging  into  felsite-dykes,  at  other  times 
of  brecciated  slate,  granite,  and  felsite  embedded  in  a  scanty  andesitic 
matrix.  At  Blackball  Head  the  rocks  cross  the  bedding  of  the 
associated  sedimentary  rocks  of  the  region.  The  authors  agree  with 
Professor  Lap  worth  in  considering  it  possible  that  '*  igneous  matter 
making  its  way  between  the  moving  masses  may  consolidate  as 
sills  when  the  pressure  is  great.  ...  As  movement  progressed 
intermittently,  we  should  have  the  formation  of  subterranean 
agglomerates,  tuffs,  and  breccias,  which  would  be  forced  sometimes 
between  bedding-planes,  sometimes  into  dyke-like  fissures."  A 
series  of  sections  is  exhibited  to  illustrate  how  tuff-like  masses 
invade  black  slate  of  Llandeilo  age  in  the  south-east  of  Ireland, 
generally  adhering  to  the  direction  of  bedding,  but  frequently 
cutting  across  it  and  detaching  numerous  pieces  from  the  slate, 
which  are  more  abundant  near  the  margins  of  the  intrusion  than 
elsewhere.  The  masses  frequently  assume  a  tuff-like  appearance. 
At  Arklow  Rock  tongues  of  tuff-like  rock  penetrating  black  slate 
of  Llandeilo  age  contain  pieces  of  limestone  of  Bala  age,  as  well  as 
pieces  of  the  slate.  The  development  of  vesicular  texture  in  lapilli- 
like,  contained,  fragments  may  be  due  to  the  simple  release  of 
pressure. 
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coRiaESiPoisrDEisrcE- 


SIJAEDALAN,  GLENELG. 

Sib, — At  a  reoent  meeting  of  the  Qeologioal  Society,  after  the 
reading  of  Mr.  G.  Barrow's  commanication  on  the  supposed  Silurian 
Bocks  of  Forfarshire,  Sir  A.  Oeikie  alluded  to  similar  rooks  which 
haye  been  found  elsewhere  along  the  Highland  Border,  and  (as 
reported)  he  gives  to  me  the  credit  of  having  found  these  rocks  in 
the  district  lying  between  Loch  Lomond  and  Callander. 

The  credit  of  this  discovery  does  not  belong  to  me,  but  to  my 
friend  and  former  colleague,  Mr.  J.  R.  Dakyns.  I  merely  completed 
the  mapping  of  the  rocks  alluded  to  after  Mr.  Dakyns  left  Scotland. 

Glbmblo,  June  19,  1901.  C.  T.  Clough. 


OBITTJ^KrTT. 


RICHARD   HOWSE,    M.A. 
BoBic  1821.  DzBD  1901. 

All  visitors  to  Newcastle-upon-Tyne  on  the  occasion  of  the  last 
meeting  of  the  British  Association  there,  in  1889,  remember  the  large 
and,  in  some  respects,  unique  collections  displayed  in  the  fine  and 
spacious  new  building  known  as  the  *'  Hancock  Museum."  Older 
visitors  will  also  remember  the  same  collections  housed,  or  rather 
hidden  away,  in  the  cramped  and  crowded  old  Natural  History 
Museum  at  the  other  end  of  the  city.  All  must  have  carried  away 
a  pleasing  recollection  of  the  handsome,  dignified  and,  latterly, 
venerable  naturalist  who  wcm  the  loving  and  somewhat  jealous 
guardian  of  the  scientific  treasures  in  both  places.  Mr.  Bichard 
Howse  had  for  so  many  years  been  identified  with  these  collections, 
had  for  so  long  watched  over,  exhibited,  and  described  their 
rarities,  that  he  had  come  to  be  regarded,  as  it  were,  as  the  one 
living  being  amongst  the  multitudinous  dead  things  around  him, 
and  it  is  difficult  to  think  of  them  bereft  of  his  animating 
presence.  Mr.  Howse  was  no  ordinary  Curator.  Born  in 
Oxfordshire  in  1821,  much  of  his  boyhood  was  spent  in  collecting 
the  land  and  fresh-water  shells,  the  birds  and  eggs,  and  especially 
the  fossils  which  abound  round  Thame,  his  native  place.  At  a 
very  early  age  he  came  and  established  himself  as  a  schoolmaster 
at  South  Shields,  and  from  that  time — for  some  sixty  years — his 
residence  in  the  North  of  England  was  unbroken.  From  the 
moment  of  his  arrival  on  Tyneside  he  made  the  study  of  the  natural 
objects  of  the  land  and  sea  about  him  the  main  purpose  of  his  life. 
To  his  extraordinary  activity  as  an  observer  and  collector  all  the 
scientific  publications  of  the  North  bear  witness.  His  name  is  to 
be  found  repeatedly  quoted  in — I  think  I  may  say — every  one  of  the 
many  lists  of  plants,  animals,  or  fossils  which  make  the  Transactions 
of  the  Newcastle  and  Berwickshire  Societies  so  valuable  as  sources 
of  accurate  reference.     He  was  fortunate  in  coming  at  a  time  when 


Digitized  by  VjOOQ IC 


Obituary — Richard  Hawse,  M.A.  383 

Dr.  Jobneton  of  Berwick,  Albany  Hanoook,  and  Joshua  Alder  were 
working  out  the  Invertebrates  of  the  Nortb-East  ooast,  wben  tbe 
materials  for  Baker's  **  Flora "  were  being  aocumolated  by  Watson, 
Bowman,  Wailes,  and  Oliver,  wben  George  Tate  of  Alnwick  was 
classifying  the  Lower  Carboniferous  rocks  of  North  Northumberland, 
and  William  Button,  with  Lindley  and  Witham,  was  bringing  out 
his  Fossil  Flora,  wben  King  was  beginning  his  Permian  work, 
when  Bold  was  cataloguing  the  insects  of  the  district,  and  when 
John  Hancock  and  Hewitson  were  studying  its  birds  and  their  eggs. 
Mr.  Howse  was  a  fellow-worker  with  all  these  men  and,  later,  with 
Atthey,  Norman,  Hodge,  Embleton,  Eirkby,  Duff,  Dinning,  the 
two  Bnidys,  and  others  of  whom  some  are  still  with  us.  He 
botanized,  geologized,  dredged,  collected  fossils,  and  all  things — in 
a  universal  way  almost  appalling  to  a  modem  specialist.  Moreover, 
in  geology  he  was  by  no  means  a  mere  collector,  for  he  did 
a  considerable  amount  of  original  mapping — cm  in  Weardale  and  in 
Bedesdale — long  before  the  GeologioaJ  Survey  had  entered  upon 
the  ground.  Chiefly  in  order  to  be  nearer  the  Museum  and  the 
Library  of  the  Literary  and  Philosophical  Society  he  after  a  few 
years  removed  from  Shields  to  Newcastle,  where  he  opened  another 
private  school,  in  which  many  of  tbe  present  leading  men  of  the 
North  were  educated — including,  I  believe,  the  actual  senior 
Member  for  the  city.  When  Dr.  King  left  Newcastle  Mr.  Howse 
succeeded  to  the  Curatorship  of  the  Museum,  still  keeping  school, 
however,  and  devoting  only  what  time  he  could  spare  to  the 
collections.  But  this  was  for  a  short  period  only,  and  in  the 
seventies  he  was  able  to  relinquish  teaching  and  give  his  whole 
time  to  the  Museum.  The  removal  of  the  specimens,  many  of 
which  had  scarcely  been  unpacked  before  for  lack  of  room,  and  their 
entire  rearrangement  in  tbe  Hancock  Museum  (largely  due  to  the 
liberality  of  tbe  late  Lord  Armstrong,  and  opened  by  the  Prince  of 
Wales  in  1884),  were  carried  out  by  him  with  tbe  assistance  of  his 
well-known  and  capable  lieutenant,  Mr.  Joseph  Wright  Curating 
was  not  his  only  work  :  he  was  ex'Offleio  editor  of  the  joint 
Transactions  of  the  Natural  History  Society  and  Field  Club,  and 
also  for  many  years  one  of  the  Honorary  Secretaries  of  the  latter. 
Mr.  Howse's  publications  were  far  too  numerous  to  be  fully 
detailed  here.  Amongst  the  most  important  must  be  mentioned 
an  admirable  Synopsis  of  the  G^logy  of  Northumberland  and 
Durham,  written  jointly  with  Mr.  Kirkby  for  the  use  of  the  British 
Association  in  1863 ;  a  Catalogue  of  Permian  Fossils,  with  a  later 
Supplement,  which  gave  rise  to  a  lively  priority  dispute  with 
Dr.  King,  whose  own  ''Catalogue"  appeared  almost  on  the  same 
day  as  Mr.  Howse*s ;  a  Catalogue  of  the  Hutton  Collection  of  Fossil 
Plants;  one  of  the  local  Carboniferous  Fossils  in  the  Museum; 
another  of  the  Fishes,  etc. ;  and  some  joint  palsdontological  papers 
with  Albany  Hancock  and  others.  Of  purely  geological  memoirs 
two — one  on  the  Boundary  between  the  Millstone  Orit  and  the 
Carboniferous  Limestone  Series  and  the  other  on  the  Divisions  of 
the  Drift  in  the  North  of  England — were  of  special  value. 
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Mr.  Howse's  writiugs  on  geology  and  palaeontology,  however,  do 
not  represent  a  tithe  of  the  results  of  his  labours.  He  overflowed 
with  information,  but  was  slow  to  publish.  Muoh  of  his  knowledge 
has  died  with  him,  since  he  does  not  appear  to  have  left  any 
manusoript  notes  of  oonsequenoe.  Many  undescribed  specimens 
remain  in  safe  keeping  which  it  had  been  his  intention  to  describe, 
and  which  are  still,  of  course,  available  for  study. 

Mr.  Howse  was  essentially  a  practical  and  original  worker,  and 
a  willing  helper  to  other  workers.  His  kindness  to  all  in  whonx 
he  saw  even  the  slightest  trace  of  the  great  love  of  Nature  which 
was  his  own  most  striking  characteristic  was  unfailing.  Coupled 
with  this  was  a  sensitiveness  which  sometimes  led  him  into  con- 
troversies such  as  that  with  Professor  King  already  referred  to,  and 
a  constitutional  shyness  which  prevented  him  from  taking  any 
prominent  part  on  public  occasions.  It  is  pleasant  to  think  that 
notwithstanding  this  he  was  gratified  towards  the  close  of  his  active 
and  useful  life  by  the  award  of  an  honorary  degree  by  the  University 
of  Durham.  O.  A.  Leboub. 

JOSEPH    LE   CONTE. 
fioRM  Fbb.  26,  1823.  Died  1901. 

Joseph  Lb  Conte  was  bom  in  Liberty  Co.,  G^rgia,  Feb.  26th, 
1823.  He  was  a  descendant  of  a  French  Huguenot  who  towards  the 
end  of  the  seventeenth  century  emigrated  to  New  Bochelle,  New 
York.  His  grandfather  removed  to  G^rgia  before  the  revolution. 
His  father,  Louis  Le  Conte,  was  a  graduate  of  Columbia  College. 
Joseph  graduated  at  Franklin  College,  Georgia,  in  1841,  and  at 
the  New  York  College  of  Physicians  and  Surgeons  in  1845. 
After  practising  for  a  short  time  at  Macon,  Georgia,  he  went  to 
Cambridge,  Mass.,  where  he  studied  under  the  elder  Agassiz,  whom 
he  Accompanied  in  1851  on  an  exploring  expedition  to  Florida. 
After  graduating  at  the  Lawrence  Scientific  School  in  Cambridge 
he  was  for  a  few  years  Professor  of  Natural  History  and  Geology 
in  Franklin  College,  and  from  1856  to  1869  Professor  of  Chemistry 
and  Geology  in  South  Carolina  College.  In  1869  he  was  appointed 
Professor  of  Geology  and  Natural  History  in  the  University  of 
California,  a  post  that  he  held  from  that  time  until  his  death. 
In  1892  he  was  President  of  the  American  Association  for  the 
Advancement  of  Science,  the  meeting  being  held  that  year  at 
fiochester,  New  York.  He  wrote  a  series  of  papers  on  Monocular 
and  Binocular  Vision,  but  his  more  important  works  deal  with 
Natural  History  and  Geology.  In  1874  he  issued  his  book  on 
"  Keligion  and  Science ;  a  series  of  Sunday  lectures  on  the  relation  of 
natural  and  revealed  religion,"  and  in  1888  his  work  on  *'  Evolution : 
its  history,  its  evidences,  and  its  relations  to  Eeligious  thought" 
He  published  several  papers  on  Physical  Geology ;  of  these  his 
essay  entitled  "A  theory  of  the  formation  of  the  great  features 
of  the  earth's  surface"  deserves  to  be  specially  mentioned.  His 
"Elements  of  Geology"  appeared  in  1878,  and  a  revised  and 
enlarged  edition  in  1882. 
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I. — Eminent  Living  Gboloqists:   The  Bby.   Pbofbssob  T.  G. 
Bonnet,  D.Sa,  LL.D.,  F.B.S.,  F.Q.S.,  F.S.A. 

(WITH  A  PORTRAIT,  PLATE  XIV.) 

THOMAS  QEOBGE  BONNBY  was  bom  July  27th,  1833,  at 
Bugeley,  Staffordshire.  His  family  is  of  Huguenot  origin,  and 
thus  affords  yet  another  instance  of  the  remarkable  intoUeotnal 
enrichment  of  oar  oountry  whioh  resulted  from  the  religious 
persecutions  in  France.  His  father,  the  Bev.  Thomas  Bonney, 
son  of  the  Bev.  George  Bonney,  yicar  of  Sandon,  and  sometime 
Fellow  of  Jesus  College,  Cambridge,  was  a  man  of  wide  and  varied 
interests,  and  a  hard  worker,  in  spite  of  feeble  health;  he  was 
master  of  the  Grammar  School,  Bugeley,  and  for  many  years 
*  perpetual  curate '  of  Pipe  Bidware,  a  very  small  parish  about 
five  miles  from  Bugeley.  The  church  was  rebuilt  through  his 
efforts,  and  he  took  great  interest  in  primary  education,  acting  for 
some  time  informally  as  Inspector  of  Schools  in  the  Diocese.  He 
married  a  daughter  of  Edward  Smith,  a  Staffordshire  man  of 
independent  means,  and  died  in  1853,  leaving  a  widow  and  ten 
children,  of  whom  Professor  Bonney,  then  just  entering  upon  his 
second  year  at  Cambridge,  was  the  eldest.  The  family  inherited 
some  property,  but  the  income  it  afforded  was  small  for  the  education 
of  so  many. 

Professor  Bonney's  inclination  towards  natural  science  was  to 
a  great  extent  inherited ;  both  father  and  mother  were  keen  botanists 
and  had  a  general  love  for  natural  history,  which  was  shared  by  all 
their  children.  The  boys  were  great  collectors  of  eggs,  butterflies, 
moths,  and  beetles ;  but  in  Professor  Bonney's  case  a  special 
inclination  towards  geology  was  first  aroused  by  the  gift  of  some 
fossils  from  a  relative,  a  lady  who  was  herself  a  good  geologist, 
a  friend  of  Buckland,  Sedgwick,  and  others  of  that  generation. 
Some  four  years  later  —  he  would  then  be  a  boy  of  about  14  — 
he  visited  Filey  with  his  father  and  mother,  and  collected  fossils 
there,  so  that  when,  soon  after,  he  went  to  school  at  Uppingham  he 
was  already  bitten. 
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Of  oonrae,  no  Natural  Soienoe  was  taught  at  Bohool  in  those  days, 
but  in  oompensation  football  and  crioket  were  then  regarded  merely 
as  recreations  and  had  not  attained  to  their  present  tyranny,  so  that 
the  boys  were  free  to  take  country  walks,  and  were  even  rather 
enoouraged  to  do  so.  Here,  then,  was  an  opportunity  for  fossil- 
collecting,  and  though  none  of  the  other  boys  were  geologically- 
minded,  several  of  them  were  egg-collectors,  and  as  Bonney  was 
that  too,  his  occasional  search  for  fbssils  was  excused  as  an  amiable 
weakness.  Before  he  left,  Bonney  was  head  of  the  school,  and  in 
1852,  having  obtained  a  School  Exhibition,  he  went  to  Cambridge, 
entering  at  St.  John's  College,  where  he  was  fortunate  enough  to 
obtain  a  scholarship  at  once. 

His  school-teaching  had  been  chiefly  classical  (of  the  Oxford 
stamp),  but  he  owed  to  two  of  the  masters  a  real  liking  for 
mathematics,  and  the  Headmaster  had  given  him  a  taste  for 
literature.  While  at  Cambridge  the  famous  <  Coprolite '  pits  of  the 
Cambridge  Qreensand  began  to  be  opened,  and  Bonney  was 
amongst  the  earliest  to  collect  from  the  rich  and  remarkable  fauna 
they  revealed.  As  he  was  reading  for  both  the  Mathematical  and 
Classical  Tripos  there  was  naturally  no  time  for  attending  lectures 
on  science,  yet  the  fame  of  Sedgwick  drew  him  now  and  then 
within  the  walls  of  the  geological  lecture-room,  and  he  haA 
the  privilege  of  hearing  the  '  old  man  eloquent ' ;  but  a  regular 
course  of  geological  or  other  science  lectures  he  never  attended, 
and  hence  to  some  extent  no  doubt  the  individuality  and  indepen- 
dence of  his  systematic  views.  Professor  Bonney  took  his  degree 
in  1856;  he  was  12th  Wrangler,  and  16th  in  the  second  class  of 
the  Classical  Tripos.  He  had  proposed  to  read  for  the  Theological 
Tripos,  but  his  health  failing,  he  left  Cambridge  and  spent  part  of 
the  summer  at  Weymouth  and  Freshwater,  when  he  made  his  first 
acquaintance  with  the  Tertiary  fossils  of  the  Isle  of  Wight ;  the  rest 
of  the  Long  Vacation  was  spent  in  Switzerland.  The  complete 
change  restored  his  health,  and  while  abroad  he  accepted  an  offer 
of  the  Mathematical  Mastership  at  Westminster  School.  The 
laborious  task  of  teaching  now  had  the  chief  claim  on  his  attention, 
but  still  left  opportunities  of  leisure,  especially  during  vacation, 
which  Bonney  made  the  most  of  as  he  continued  the  study  of 
geology.  He  had  now  also  to  prepare  for  the  Church,  and  was 
ordained  deacon  in  1857  and  priest  in  1858.  In  1859  he  was 
elected  to  a  Fellowship  at  St.  John's,  and  returned  to  that  Coll^^ 
in  1861  as  Junior  Dean.  Natural  Science  was  then  beginning  to 
secure  a  due  recognition  from  the  University.  Up  till  1861  the 
Natural  Science  Tripos,  which  had  been  in  existence  for  something 
like  sixteen  years,  was  open  only  to  Bachelors  of  Arts ;  but  in  that 
year  it  acquired  equal  rights,  and  a  candidate  could  liien  obtain  the 
d^ree  of  B.A.  without  previously  passing  through  the  Mathematical 
or  Classical  School.  Of  late  years  the  candidates  for  this  Tripos 
have  considerably  exceeded  in  number  those  for  either  of  the  ancient 
schools.  The  study  of  Natural  Science  received,  however,  bnt 
slight  encouragement  from  the  Colleges,  and  Bonney,  as  soon  as  he 
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was  well  settled  down  at  Oambridge,  joined  in  the  movement  whioh 
was  being  made  to  press  its  claims ;  an  open  exhibition  in  Natural 
Scienoe  was  offered  by  St  John's,  partly  as  a  consequence  of  his 
efforts.  Professor  Bonney,  in  what  perhaps  may  be  regarded  as  an 
excess  of  grateful  recognition,  has  been  known  to  say  that  he  owes 
whatever  success  he  has  had  in  life  to  the  Fellowship  he  obtained 
at  St.  John's ;  with  equal,  if  not  more  truth,  many  who  are  now 
engaged  in  the  advauoement  of  scientific  learning  might  say  the 
same  of  the  opportunities  which  this  college  exhibition  has 
afforded  them. 

In  the  summer  of  1858  Bonney  paid  his  second  visit  to 
Switzerland,  crossing  the  Strahleck  and  the  Weissthor;  his  love 
of  the  Alps  dates  from  this  journey ;  since  then  he  has  returned 
to  them  something  like  two  out  of  every  three  years  of  his  life. 
In  1860, 1862,  1863,  and  1864  he  was  chiefiy  engaged  in  exploring 
the  French  and  Italian  Alps,  then  rather  imperfectly  known.  At 
the  end  of  the  last  journey  he  went  on  to  the  South  of  France,  and 
while  there  fell  a  victim  to  malaria,  from  the  effects  of  which  he 
has  never  since  been  entirely  free.  These,  though  they  prevented 
him  from  '  roughing '  it  as  much  as  he  would  have  liked,  did  not  put 
a  stop  to  his  climbing,  which  he  continued  in  a  steady  but  not  too 
adventurous  way  till  about  ten  years  ago,  and  even  still  he  sometimes 
undertakes  an  ordinary  ascent  of  5,000  feet  or  so.  Hence  his  intimate 
knowledge  of  the  Alps,  which  from  the  Visp  to  the  Salzkammergut 
is  well-nigh  unrivalled. 

By  the  year  1868  Bonney's  knowledge  of  geology  had  ceased 
to  be  that  of  an  amateur ;  the  stage  of  preparation  had  passed,  and 
having  in  that  year  been  appointed  Tutor  he  commenced  to  give 
College  lectures  on  the  subject ;  in  the  next  year  he  was  formally 
appointed  Lecturer  on  Geology  by  the  College.  He  had  not  enjoyed 
the  advantages  which  are  now  open  to  every  geological  student, 
but  he  had  fully  availed  himself  of  that  strenuous  training  which 
we  are  beginning  regretfully  to  look  back  upon  as  the  good  old- 
fashioned  education.  Mathematics  had  impressed  upon  his  mind 
the  real  necessities  which  are  demanded  by  a  proof.  Classics  had 
assisted  him  to  cultivate  a  literary  gift,  and  travel  had  taught  him 
facts  at  first-hand.  Freshness  and  reality  cm  a  natural  consequeuoe 
were  the  distinctive  marks  of  his  Cambridge  teaching.  Soon  after 
he  commenced  to  lecture,  his  great  contemporary  Sedgwick,  yielding 
to  failing  health  and  the  increasing  infirmities  of  old  age,  gradually 
retired  from  the  active  work  of  his  Chair,  and  thus  it  fell  upon 
Bonney  to  keep  alive  the  traditions  of  the  Cambridge  School  of 
Oeology.  How  thoroughly  alive  they  were  kept  his  numerous 
pupils  may  testify.  To  his  pupils  he  might  be  said  to  have  given 
all  he  had :  he  helped  them  to  the  utmost  of  his  powers,  by  lectures, 
private  tuition,  friendly  advice,  and  informal  teaching  in  the  field  ; 
the  last  took  place  during  Term  in  the  district  around  Cambridge, 
and  in  Vacation  in  various  remote  parts  of  the  British  Isles.  Nor 
must  the  social  gatherings  be  forgotten,  when  his  students  made 
from  time  to  time  the  acquaintance  of  the  leading  geologists  of  the 
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day.  In  this  self-devotion  Bonney  was  perhaps  too  careless  of 
advancing  his  own  reputation ;  the  Long  Vacations  were  spent  in 
investigation  and  research,  but  Term  left  little  or  no  time  to  prepare 
the  results  for  publication,  and  hence  his  fame  fell  behind  his  merits. 
This  was  unfortunate ;  it  injuriously  a£fected  his  claims  when  he  stood 
for  election  to  Sedgwick's  Chair,  and  he  was  defeated  by  6  votes. 
The  range  of  his  teaching  was  very  wide ;  even  in  those  early  days 
he  had  recognized  the  '  one  in  the  many '  of  earth-knowledge,  and 
while  on  one  occasion  he  would  describe  in  detail  the  structure 
of  a  single  mountain,  on  another  he  would  treat  undauntedly  of 
the  earth  as  a  whole.  Physical  Geography  was  taught  in  a  way 
to  convince  students  that,  if  they  wished  to  become  geologists,  they 
must  also  be  meteorologists,  hydrographers,  and  geographers  as 
well ;  but  Cosmogony  was  by  no  means  banned,  and  some  knowledge 
of  Astronomy  was  essential,  so  that  unless  they  exercised  great 
care  his  students  might  find  themselves  unexpectedly  knocking 
their  heads  against  the  problem  of  the  '  three  bodies.'  Palseontology 
was  the  subject  of  a  course,  and  in  1873  one  on  Petrography, 
practically  illustrated  by  the  microscope,  was  added.  This  was 
among  the  first  courses  of  systematic  teaching  in  modem  Petrography 
given  in  the  British  Isles,  probably  the  very  first  From  it  TeaU 
and  Sollas  (not  to  mention  others)  gained  their  first  insight  into  this 
branch  of  Oeology.  A  list  of  those  who  attended  the  general  course 
on  Oeology  would  be  interesting  reading,  but  without  it  the  names 
of  J.  E.  Marr,  A.  Strahan,  Jukes-Browne,  Clough,  W.  W.  Watts, 
B.  D.  Roberts,  Milnes-Marshall,  P.  H.  Carpenter,  and  F.  M.  Balfour 
may  be  recalled,  as  well  as  those  first  mentioned.  F.  M.  Balfour 
will  be  best  known  as  the  bright  particular  star  of  the  Biological 
School,  but  his  interest  in  Oeology  at  that  time  is  shown  by  a  clever 
paper  written  in  conjunction  with  his  cousin,  Gerald  Balfour  (late 
Chief  Secretary  of  State  for  Ireland),  to  explain  the  downward  dip 
of  the  beds  surrounding  a  volcanic  neck. 

The  thoughts  of  an  old  student  often  wander  fondly  to  those 
early  days  spent  under  Professor  Bonney's  paternal  care.  Let  us 
set  out  on  one  of  those  reminiscent  journeys.     Here  is  the  bold 

Krtal  of  St  John's ;  we  turn  in,  cross  the  first  quad,  and  enter  that 
autiful  second  court,  so  justly  praised  by  John  Buskin ;  in  the 
middle  of  the  left-hand  side  is  an  entrance  which  leads  to  a  narrow 
staircase,  and  on  the  first  landing  we  read  over  a  door,  in  white 
letters  on  a  black  ground,  Esv.  T.  O.  Bonhey.  We  knock 
and  pass  into  the  outer  room,  furnished  in  the  austere  beauty  of 
ancient  oak;  a  massive  lecture-table  stands  in  the  middle,  and  at 
the  nearer  end  is  a  bookcase  full  of  white-vellum  covered  volumes 
containing  presentation  copies  of  scientific  pamphlets.  This  is  the 
lecture-room,  and  somehow  it  impresses  us;  there  is  a  feeling  as  of 
an  ancient  University  in  the  air,  and  when  the  tall  spare  figure  of 
the  Tutor  approaches  to  welcome  us  we  seem  to  realize  an  idea 
already  formed  in  the  mind  as  an  expression  of  the  genius  loci.  He 
leads  us  through  a  door  at  the  other  end  into  his  private  sanctum, 
a  bright  and  cheerful  chamber,  the  walls  lined  with  books,  except 
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above  the  fireplace,  whither  our  eyes  are  drawn  bj  the  vigorouB  yet 
delicate  outlines  of  Alpine  ranges,  displayed  in  long  panorama,  the 
fruits  of  the  Professor's  pencil  in  Long  Vacation  rambles.  The 
Tutor  takes  his  seat  at  the  table,  and  perhaps  spends  a  good 
half-hour  in  a  running  commentary  on  the  answers  we  have  given 
to  his  preparatory  examination  papers,  or,  it  may  be,  discusses  with 
stimulus  and  advice  some  budding  idea  which  by  an  artful  kindness 
he  leaves  us  to  imagine  is  as  interesting  to  him  as  to  ourselves.  Out 
of  this  room  a  door  leads  into  another,  larger,  and  by  its  light  and 
elegant  furniture  proclaimed  the  drawing-room;  on  the  walls  are 
many  beautiful  glimpses  of  mountain  scenery  in  the  dream-like 
colouring  of  Elijah  Walton.  This  is  the  place  of  many  a  social 
gathering,  especially  after  Chapel  on  Sunday  evenings :  there  you, 
an  undergraduate,  just  out  of  your  teens,  may  meet  Adams  of 
Neptunian  fame,  and  recognize,  to  your  surprise,  that  he  is  really 
a  fellow  man ;  Miller,  the  most  exact  of  mineralogists,  will  probably 
be  there ;  and  sometimes  there  are  ladies,  and  the  gracious  presence 
of  Miss  Bonney,  the  Tutor's  sister.  This  time  it  is  the  last  meeting 
in  the  May  Term,  and  we  discuss  the  coming  Vacation  ramble; 
a  few  weeks,  and  the  scene  has  shifted  to  the  Lizard,  where  the 
class,  nearly  a  full  score  strong,  is  hammering  out  the  mysteries 
of  gabbro  and  serpentine,  and  hornblende-schist  There  is  Teall, 
he  is  very  busy  over  a  supposed  Troctolite  at  Goverack,  and  by  his 
side  Jukes-Browne,  adherent  with  argument ;  Milnes-Marshall  is  on 
the  beach  sketching  a  queer  dyke  over  which  Sollas  is  climbing 
with  cat-like  agility ;  R  D.  Boberts  is  busy  with  a  notebook,  and 
Strahan  is  discussing  with  the  Professor  a  question  of  intersection, 
whether  the  gabbro  cuts  the  elvan  or  the  elvan  cuts  the  gabbro. 
It  is  a  long  sunny  day;  at  its  close  the  Professor  presides  at 
a  frugal  meal,  and  we  come  home  to  quarters  by  boat;  Edmund 
Kelly,  with  his  clean-cut  Greek  profile,  wearing  a  Phrygian  red  cap, 
takes  the  helm  and  steers  with  the  courage  of  an  ancient  Viking. 
Such  were  those  days  when  life  was  young  and  tobacco  was  sweet, 
and  our  revered  Professor  was  a  great  boy  like  the  rest  of  us,  only 
infinitely  more  wise. 

In  1877  Bonney  was  elected  Professor  of  (Geology  in  University 
College,  London,  but  still  continued  to  lecture  at  St.  John's;  in 
1881,  on  being  appointed  Secretary  of  the  British  Association,  he 
finally  quitted  Cambridge  and  took  up  his  residence  in  London,  on 
the  borders  of  Hampstead  Heath. 

On  an  endowment  accruing  to  the  Chair  in  University  College  in 
1885,  he  resigned  the  Secretaryship  of  the  Association  in  order  the 
better  to  devote  himself  to  the  professorship.  This,  however,  was 
very  uphill  work;  single-handed,  and  unprovided  with  modem 
appliances,  he  found  himself  set  to  make  bricks  without  straw.  To 
add  to  his  difficulties  the  effects  of  the  agricultural  depression  now 
began  to  make  themselves  felt,  and  he  found  it  necessary  to  supple- 
ment his  income  by  literary  work ;  thus  commenced  his  connection 
with  one  of  the  leading  London  journals,  for  which  he  still  continues 
to  write.    In  1901  he  resigned  the  professorship  and  was  succeeded 
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by  Mr.  (Jarwood.  One  alleviation  in  his  London  work  cannot  hem 
be  overlooked,  the  volantary  assistanoe  rendered  by  Miss  Baisin,  who 
was  for  several  years  a  zealous  pupil  and  oo-worker.  She  wrote 
several  petrologiciBkl  papers  in  conjunction  with  Professor  Bonney. 

A  few  years  before  his  retirement,  in  1895,  the  feelings  of  hie 
old  students,  both  Oambridge  and  London,  found  spontaneous 
expression  in  the  gift  of  his  portrait  painted  by  Mr.  Trevor  Haddon. 
The  presentation  took  place  in  University  College  before  a  large 
and  distinguished  assembly,  and  few  who  were  present  will  forget 
how  on  that  dull  December  afternoon  a  warm  glow  of  feeling 
seemed  to  expand  and  grow  luminous  as  speaker  after  speaker  rose 
to  express  his  gratitude  "  to  the  Tutor  whom  they  had  feared,  the 
Master  whom  they  reverenced,  and  the  Friend  they  loved." 

Amidst  his  engrossing  labours  as  a  teacher  and  investigator  in 
geology,  Professor  Bonney  has  found  time  for  work  as  a  literary 
author.  **  Outline  Sketches  of  the  High  Alps  in  Dauphine "  wa» 
published  in  1865,  ''The  Alpine  Begions  of  Switzerland  and  the 
Neighbouring  Countries  "  in  1868,  "  The  Coast  of  Norway  "  (1870), 
"  Vignettes,  Alpine  and  Eastern  "  (1873),  "  The  Bernese  Oberland  " 
(1874),  "Lakes  and  Mountain  Scenery  of  the  Swiss  Alps"  (1874),. 
"Welsh  Scenery"  (1875-76),  "English  Lake  Scenery"  (1876), 
the  letter-press  in  Walton's  "Peaks  and  Valleys  of  the  Alps" 
(1867),  and  in  the  same  artist's  "Flowers  from  the  Upper  Alps,"^ 
and  much  of  the  descriptive  text  in  such  well-known  works  as 
"  Picturesque  Europe,"  "  Our  Own  Country,"  "  English  Cathedrals '" 
is  from  his  pen.  Of  more  particularly  scientific  works  may  be 
mentioned  "The  Story  of  our  Planet"  (1898),  "Charles  Lyell  and 
Modem  Geology"  (1895),  "Ice  Work,  Past  and  Present"  (1896), 
"Lewis;  on  the  Genesis  of  the  Diamond"  (1897),  and  "Voloanos"^ 
(1899). 

The  life  of  a  geologist,  the  life  of  an  author,  have  not,  however, 
been  sufficient  to  satisfy  Professor  Bonney's  insatiable  industry ;  he 
has  lived,  too,  the  life  of  a  clergyman.  He  was  one  of  the  Cambridge 
Preachers  at  the  Chapel  Boyal,  Whitehall,  in  1876  to  1878,  and  hae 
five  times  been  a  Special  Preacher  before  the  University  of 
Cambridge,  on  the  last  occasion  being  Hulsean  Lecturer.  These 
lectures  were  published  in  1885  under  the  title  of  "  The  Influence 
of  Science  on  Theology."  He  has  also  published  "  The  Holy  Plaoea 
of  Jerusalem"  (1864),  "Old  Truths  in  Modem  Lights"  (Boyle 
Lectures,  1890,  1891),  and  "Doctrine  and  Modem  Thought'^ 
(Boyle  Lectures,  1891,  1892). 

He  is  an  Examining  Chaplain  to  the  Bishop  of  Manchester  and 
an  Honorary  Canon  of  that  Cathedral.  He  frequently  preaches  in 
London,  and  those  who  listen  to  him  will  recognize  the  same 
independence  of  thought  and  variety  of  mood  which  distinguish 
his  scientific  lecturing ;  at  one  time  the  hearer  will  be  charmed  with 
a  rare  eloquence,  at  another  he  will  enjoy  that  keen  satire  which  once 
ted  to  the  remark  "  Professor  Bonney  has  a  tongue  like  a  sword ! " 

Professor  Bonney  became  Fellow  of  the  Geological  Society  in 
1860;  he  was  one  of  the  Secretaries  from  1878  to  1883,  and 
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Preaident  in  1884  and  1885.  In  1889  he  received  tbe  award  of 
the  WoUaston  Medal.  He  was  eleoted  a  Fellow  of  the  Boyal 
Society  in  1878.  In  1886  he  was  President  of  the  Oeological 
Section  of  the  British  Association ;  in  1888  he  delivered  one  of  its 
Evening  Discourses.  He  has  also  heen  President  of  the  Mineralogical 
Society,  is  a  member  of  the  Alpine  Club  and  has  been  its  President. 
He  is  a  Doctor  of  Science,  Cambridge,  he  has  received  the  honorary 
degree  of  LL.D.  from  the  University  of  Montreal,  and  of  D.Sc. 
from  the  University  of  Dublin,  which  was  conferred  on  the  occasion 
of  the  celebration  of  the  Tercentenary  of  Trinity  College. 

The  subject  which  earliest  engaged  the  attention  of  Professor 
Bonney  was  glaciers  and  their  action;  this  was  at  the  time  when 
Bamsay's  fascinating  theory  of  the  origin  of  lake-basins,  developed 
by  that  genial  and  brilliant  investigator  with  his  accustomed  skill, 
and  urged  with  all  his  infectious  enthusiasm,  had  captivated  the 
minds  of  nearly  all  the  young  English  geologists.  Possibly  the 
more  readily,  owing  to  the  besetting  sin  of  the  so-called  Uuiformitarian 
School,  which  in  its  neglect  of  quantitative  reasoning  was  content  for 
the  most  part  to  discover  tendencies,  without  proceeding  to  inquire 
whether  these  were  sufficient  or  continued  far  enough  to  produce 
the  effect  they  were  supposed  to  explain.  Thus  it  was  urged  that 
since  a  glacier  can  be  shown  to  have  produced  a  number  of  mountain 
tarns,  there  is  no  reason  why  in  sufficient  time  it  should  not 
accomplish  the  incavation  of  a  lake  or  an  inland  sea,  such  as  Lake 
Ckneva,  or  Superior,  or  the  Caspian, 

Bonney's  mathematical  training  had  freed  him  from  this  fallacious 
tendency,  and  his  intimate  knowledge  of  the  Alps  and  their  glaciers 
led  him  to  take  very  different  views  as  to  the  origin  of  the  Swiss 
lakes;  and  thus  amongst  his  earliest  papers  we  find  a  careful 
analysis  of  the  problem  as  illustrated  by  particular  instances,  with 
observations  and  arguments  which  led  to  complete  disproof  of  the 
erosion  theory  and  a  return  to  views  which  are  more  suggestive 
of  the  spirit  of  De  la  Beche  than  of  Lyell.  Qlaoial  problems  have 
from  that  time  to  this  always  maintained  their  interest  for  him, 
and  the  popular  theories  of  to-day  are  at  present  as  little  accepted 
by  him  as  were  those  which  first  engaged  his  attention.  Whether 
the  present  theories  will  be  longer  lived  than  those  of  the  past,  time 
alone  will  show.  From  glaciers  Bonney  next  turned  his  attention 
to  rocks,  and  here  again  was  led  into  conflict  with  prevailing  views, 
which  seem  to  have  been  inspired  by  the  same  pursuit  of  suggestive 
tendencies.  The  remarkable  changes  produced  on  sedimentary  rocks 
by  what  is  vaguely  termed  metamorphic  action  had  led  the  Lyellian 
school  to  assign  a  metamorphic  origin  to  granite.  If  a  shale  may 
become  converted  into  a  slate,  or  even  a  mica-schist,  why  should 
not  the  process  continue  and  mica-schist  pass  into  gneiss,  and  gneiss 
find  its  final  term  in  granite  ?  A  study  of  contact  phenomena  vnll 
frequently  afford  evidence  of  the  continuity  of  granite  with  gneiss, 
and  thus  but  one  link  remains  to  be  discovered  by  the  connection 
of  gneiss  with  mica-schist.  The  imagination  sometimes  supplied 
ihisy  and  thus  a  qyde  was  completed ;  for,  commencing  with  granite. 
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this,  Baffering  first  disintegration  and  then  deposition^  is  known  to 
give  rise  to  sedimentary  rooks,  while  these  under  the  magio  of 
metamorphism  were  supposed  to  be  oonverted  into  granite  again. 
Thus  a  beginning  or  ending  to  whioh  Lyellians  were  always  averse 
was  evaded.  To  insist  on  the  signifioanoe  of  the  missing  link,  and 
to  restore  to  the  igneous  rooks  their  true  place  in  the  constitution 
of  our  planet,  was  one  of  the  tasks  which  Bonney  set  himself  and 
suocessfully  accomplished.  But  if  where  geologists  had  traced 
a  gradual  passage  a  sharp  line  of  demarcation  could  be  shown  to 
exist,  dividing  die  igneous  from  the  sedimentary  rocks,  what  of 
the  alleged  transitions  between  the  various  schists  themselves? 
Had  imagination  played  its  useful  part  in  their  case  also? 
"Metamorphio  action  is  of  all  ages"  had  been  translated  into 
the  statement  that  ''any  kind  of  metamorphio  rock  may  be  of 
any  age."  This  is  a  formula  that  Bonney  has  never  been  able 
to  accept:  the  ArchsBan  rocks  are  for  him  marked  as  such  not 
only  by  their  infraposition  to  the  Eozoio  systems  but  also  by 
their  intimate  structure ;  and  he  professes  to  be  able  to  distinguiBn 
them  not  only  in  the  field  but  also  under  the  microscope. 
Whether  in  this  important  matter  he  be  in  the  right  or  no,  again 
time  alone  can  decide,  but  whatever  its  verdict  on  this  point 
the  immense  additions  to  our  knowledge  which  have  resulted  from 
his  researches  into  the  difficult  and  obscure  subject  of  the  most 
ancient  rocks  will  always  retain  a  permanent  value.  The  difficulties 
are  sufficient  to  render  it  repulsive  to  most  minds,  but  the  less 
known  about  a  thing  the  greater  are  its  attractions  for  Bonney. 
Ohamwood  was  a  true  terra  incogmta  up  to  1877,  when  Bonney 
first  made  known  the  fragmental  igneous  character  of  much  of  its 
rock,  and  afterwards  assigned  it  to  a  Pre-Oambrian  horizon.  How 
thorough  his  work  was  in  this  region  will  appear  from  the 
subsequent  investigations  and  detailed  mapping  of  Professor  Watts, 
who  has  been  known  to  grumble  that  Professor  Bonney  was  always 
right,  and  has  left  very  little  for  his  successors  to  discover  in  this 
region.  From  Ohamwood  attention  was  next  directed  to  Anglesey, 
which  was  found  to  offer  so  many  perplexities  that  it  was  abandoned 
for  a  while,  and  the  Alps  were  again  resorted  to  in  the  hope  that 
there  might  be  found  some  suggestive  clue  to  their  interpretation. 
But  in  the  Alps  Professor  Bonney  found  himself  in  meditB  rebus ;  he 
had  left  the  outskirts  for  the  very  centre  of  the  arcanum,  and  ever 
since  has  been  engaged  in  trying  to  decipher  the  history  of  the 
crystalline  schists  and  gneisses  in  that  chain,  as  well  as  in  other 
lands.  A  summary  of  his  views  is  given  in  his  Presidential  Address 
to  the  Geological  Society  in  1885  ;  a  more  recent  account  appears  in 
''An  Outline  of  the  Petrology  and  Physical  History  of  the  Alps,"  read 
before  the  Geologists'  Association  in  1897.  Of  course,  while  working 
on  such  subjects  as  this,  when  the  facts  are  often  obscure  and  opinion 
still  fermenting,  the  chances  of  controversy  are  great,  scarcely  indeed 
to  be  avoided,  even  were  it  well  to  avoid  them ;  for  it  is  still  true 
that  strife  in  the  domain  of  things  intellectual,  as  elsewhere,  is 
lord  over  the  ways  of  evolution,  the  great  eliminator  of  error,  and 
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thns  also  the  revealer  of  the  trnth.  Professor  Bonney  has  never 
-shrunk  from  controversy,  and  has  bnt  little  reason  to  r^ret  it 
The  exposure  of  the  mistake  which  had  been  made  over  the  nature  of 
the  '' Belemnite-bearing  gametiferous  Oalo-schist"  was  well  worth 
a  fight ;  but  that  the  mistake  should  have  been  made  at  all  diminishes 
any  surprise  that  might  have  been  felt  at  the  easy  way  in  which  one 
limb  of  the  great  Glarus  double-fold  yielded  at  the  first  serious 
assault,  and  was  sheared  o£f  into  the  limbo  of  defunct  hypotheses. 

The  English  Trias  is  perhaps  one  of  the  most  interesting  of  our 
systems,  for,  in  spite  of  its  scarcity  in  fossil  remains,  it  offers  many 
fascinating  problems  to  the  explorer  of  the  unknown ;  the  mystery 
^f  the  pebble  beds  in  particular  appeals  to  the  imagination.  Pro- 
fessor iBonney's  explanation  of  these  as  fluviatile  deposits  has  now 
become  generally  accepted,  and  Continental  geologists,  like  Penck, 
have  extended  his  views  to  other  cases ;  nor,  indeed,  have  all  the 
results  which  are  likely  to  follow  from  this  promising  theory  yet 
been  harvested. 

The  history  of  coral  atolls,  one  of  the  most  important  problems 
now  pressing  for  solution,  has  for  long  been  a  subject  of  interest  to 
Professor  Bonney  ;  the  summary  of  the  arguments,  for  and  against 
Darwin's  explanation,  which  he  has  given  in  an  appendix  to  the  last 
edition  of  Darwin's  "  Coral  Reefs "  may  be  taken  as  a  model  of 
Judicial  fairness.  Subsequently,  as  Chairman  of  the  Coral  Reefs 
Committee  appointed  by  the  Royal  Society,  he  worked  hard  in  the 
interests  of  the  various  expeditions  which  were  sent  out  from  this 
country  and  Australia  to  investigate  the  atoll  of  Funafuti,  and  from 
which  such  valuable  results  have  followed. 

Professor  Bonney's  petrographical  work  is  too  multifarious  for 
a  short  epitome ;  its  commencement  belongs  to  the  early  period  of 
2irkel  and  Rosenbusch,  and  is  anterior  to  the  publication  of  the 
great  classic,  '' Mineralogie  Miorographique,"  of  Fouqu6  &  Levy. 
Among  his  earliest  essays  were  explanations  of  the  origin  of 
Serpentine  and  LuxuUianite ;  later  he  found  an  almost  unexplored 
field  awaiting  the  microscope  among  the  older  igneous  rocks  of 
North  Wales ;  from  then  onwards  till  the  present  we  owe  to  him 
a  continuous  succession  of  studies  on  igneous  rocks  from  various 
parts  of  the  world,  and  among  his  most  recent  discoveries  is  that  by 
which  the  diamond  has  at  length  been  traced  to  its  true  birthplace 
and  shown  to  be  an  original  constituent  of  what  is  itself  a  somewhat 
Tare  igneous  rock,  namely,  eclogite. 

Needless  to  add  that  Professor  Bonney  has  been  a  somewhat 
extensive  traveller :  besides  the  Alps,  his  most  familiar  ground,  he 
has  travelled  in  the  Pyrenees,  Auvergne,  Normandy,  Brittany,  over 
many  parts  of  Germany  and  Italy,  Norway,  Sweden,  Denmark,  and 
"Canada,  which  he  visited  on  the  occasion  of  the  meeting  of  the 
British  Association  in  1884.  Every  journey  has  had  a  definite 
geological  purpose,  usually  an  attempt  to  solve  some  special  problem ; 
and  the  observations  which  were  made  were  always  recorded  on  the 
spot,  usually  with  illustrative  sketches;  the  notebooks  in  which 
these  are  accumulated  would  make  a  small  library.   Professor  Bonney 
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possesses  oonsiderable  artistic  power,  and  at  one  time  sketched 
a  good  deal,  bat  of  late  years  he  has  ceased  to  do  so,  except  for 
geological  purposes. 

When  we  contemplate  the  monumental  results  of  Prof.  Bonnej's^ 
prodigious  activity  we  shall  surely  conjecture  that  here  was  a  man 
especially  blessed  with  bodily  robustness,  and  with  leisure,  the  fruit 
of  private  means ;  yet  he  has  always  suffered  from  imperfect  health, 
to  which  sedentary  work  was  obnoxious,  and  has  all  his  life  been 
compelled  by  circumstances  to  labour  for  an  income.  What,  then, 
is  the  secret  of  his  success  ?  Possibly,  mainly  method,  the  habit  of 
doing  a  thing  at  once,  and  doing  it  only  once ;  the  time  which  most 
people  lose  in  hesitation,  procrastination,  and  repetition  has  thus- 
been  secured  for  useful  work :  but  such  method  is  the  priyilege  of 
those  only  who  are  possessed  of  an  indomitable  will  and  of  a  mind 
logical  to  an  unusual  degree. 

In  spite  of  years  Professor  Bonney  is  still  young  :  he  has 
accomplished  much ;  much  more  remains  for  him  to  do.  With 
unabated  ardour  he  still  presses  forwards  in  the  pursuit  of  truth. 
That  he  may  attain  it,  and  in  no  small  degree,  is  the  earnest  wish 
of  his  sincere  friends  and  admirers.     We  bid  him  God  speed  I 
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II. — Pbeliminabt  Notk  on  some  Riobntlt  Disooyebsd  Extinct 
Vbbtebbates  fbom  Egypt.     (Pabt  I.) 

By  Chas.  W.  Andbbws,  D.Sc.,  F.G.S.,  British  Museum  (Nat.  Hist.). 

DURING  a  recent  yisit  to  Egypt,  through  the  kindness  of  Captain 
H.  G.  Lyons,  Director-General  of  the  Egyptian  Survey,  I  have 
on  several  occasions  had  opportunities  of  accompanying  members  of 
the  Staff  of  the  Geological  Survey  on  collecting  expeditions  into 
the  Western  Desert. 

On  one  of  these  journeys  I  accompanied  Mr.  H.  J.  L.  Beadnell, 
F.G.S.,  to  the  Faytim,  and  we  took  the  opportunity  of  examining  the 
escarpments  of  Upper  Eocene  and  Oligocene  age  in  a  locality  from 
which  Mr.  Beadnell  had  previously  obtained  some  remains  of 
Zeuglodonts  and  Sirenians.  On  our  first  visit  it  was  not  until 
we  were  about  to  return  to  Cairo  that  any  finds  of  importance  were 
made,  but  on  the  last  day  of  our  stay  a  number  of  interesting 
specimens  were  found,  including  portions  of  the  skeletons  of 
a  Sirenian  (probably  Eoikerium  mgypUacum,  Owen),^  of  Zeuglodofk 
(?  Z.  0«tm,  Dames),'  and  of  a  small  ungulate,  as  well  as  remains  of 
reptiles  {Orocodilia,  Chelonia,  and  Ophidia).  On  our  return  to  Cairo  it 
was  arranged  to  go  back  to  this  rich  locality  and  make  as  extensive 
collections  as  possible.  The  results  of  this  second  visit  were  very 
satisfactory,  and  a  number  of  interesting  specimens  were  obtained. 

The  beds  from  which  the  remains  were  collected  are,  in  Mr. 
Beadnell's  opinion,  probably  of  Upper  Eocene  and  Lower  Oligocene 

^  Owen,  '*  On  Fossil  Evidences  of  a  Sirenian  Mammal  {Eotherium  aayptiaeumr 
Owen)  from  the  Nummulitic  Eocene  of  the  Mokattam  Cliffs,  near  Cairo '* :  Quart. 
Joum.  Geol.  Soc.,  yoL  zxxi  (1875),  p.  100,  pi.  iii. 

^  Dames,  **  Ueber  Zeii^lodonten  aus  Aegypten  und  die  Beziehungen  der  Archaeo- 
ceten  zu  den  Uebrigen  Cetaceen  " :  PalMont.  Abhand.,  neue  Folge,  Bd.  i  (1894)^ 
p.  189. 
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age.  In  the  present  paper,  merely  very  brief  notioes  of  aome  of  the 
more  important  new  forms  are  given,  but  subsequently  it  is  intended 
by  Captain  Lyons  to  publish  as  complete  an  aooount  as  possible  of 
the  geology  and  physical  geography  of  the  district,  prepared  by 
Mr.  Beadnell,  with  detailed  descriptions  of  the  fossil  vertebrata 
by  the  present  writer. 

Mil 


The  mammalian  remains  obtained  include  a  Sirenian  probably 
identical  with  Eotherium  agyptiaewn  from  the  Mokattam  Hills, 
described  by  Owen  on  the  evidence  of  a  brain-cast  only ;  Zeugloion^ 
including  apparently  Dames'  Z.  OBirtB,  and  perhaps  a  second  species; 
and,  lastly,  several  ungulates  which .  are  new  to  science,  and  axe  the 
subjects  of  the  following  notices. 

Palaomastodan  BeadneUi,^  Andrews.     (Fig.  1.) 

One  of  the  most  important  specimens  found  in  the  higher  beds 
(probably  Lower  Oligocene)  is  the  nearly  complete  left  ramus  of  the 
mandible  of  a  Proboscidean,  which  is  in  many  respects  similar  to 
that  of  Miuiodan  angusUdens,  but  belonged  to  a  much  smaller  and  in 


Fio.  1.— Left  ramus  of  mandible  of  Falaonuutoi&n  BeadmUi,    One-sixth  natural 
size.    (A)  From  above ;    (B)  outer  surface. 

several  respects  more  generalized  form.    Bemains  of  M.  cmguiUdene 
(or  a  very  closely  iJlied  form)'  were  found  by  Mr.  T.  Barron  and 

1  <<  Tageblatt  des  Y  Intemationalen  Zoologen- Congresses,"  Berlin,  No.  6, 
August  I6tb,  1901,  p.  4. 

'  Bemains  of  a  small  Mastodon  from  the  Lower  Miocene  •(Cartennien)  near 
Isserrille  (Kabylie),  Algiers,  have  been  described  by  Dep^ret  (BuU.  Soc.  6^1. 
France,  86r.  ni,  tom.  xxt,  1897,  p.  518)  under  the  name  Mattodtm  anffitttidmM,  var. 
pygmmu.  The  teeth  from  Moghara,  tnough  slightly  smaller  than  specimens  from 
Sansan,  are  not  sufficiently  so  to  justify  their  reference  to  this  small  Tariefr. 
Moreover,  there  seems  to  have  been  little  or  no  oemmit  in  the  ralleys  of  these  teeth, 
while  in  I)ep^*8  specimen  it  was  abundant. 

DBCADB  nr. — ^TOL.  TOT.— NO.  IX.  26 
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J  myself  in  Lower  Miocene  at  Mogbara,  to  the  north-west  of  l&e 
present  locality,  and  it  seems  probable  that  this  mandible  may  have 
belonged  to  an  ancestor  of  that  well-known  Miooene  species. 

The  mandibular  ramus  (Fig.  1)  is  long  and  relatively  narrow 
from  above  downwards,  and  is  very  slightly  decarved  anteriorly. 
It  is  chiefly  remarkable  for  the  elongation  of  the  edentulous  region 
in  front  of  the  cheek-teeth ;  in  this  region  the  alveolar  border  forms 
a  sharp  edge  without  trace  of  tooth  sockets.  The  symphysis  com- 
mences about  12  cm.  in  front  of  the  anterior  premolar,  but  its  length 
cannot  be  determiued,  as  the  anterior  portion  of  the  jaw  is  broken 
away.  Judging,  however,  by  the  large  size  of  the  central  canal 
at  the  broken  end,  it  seems  probable  that  the  symphysis  was 
considerably  elongated,  though  possibly  not  to  the  same  extent  as 
in  Jtf.  anqwiidieM,  The  base  of  an  alveolus  for  a  tusk  (Fig.  1,  t)  is 
preserved  on  the  broken  end. 

The  coronoid  process  rises  from  the  outer  surface  opposite  the 
posterior  third  of  the  last  molar;  but  its  upper  part  is  broken 
away,  as  also  are  the  condyle  and  the  angle.  The  cheek-teeth  are 
distinctly  proboscidian,  and  the  molars  are  very  similar  to  the 
anterior  molars  of  some  Mastodons.  There  were  originally  five 
teeth  in  «tM,  but  the  anterior  one  (pm.d)  has  fallen  out  of  its 
socket,  the  form  of  which  indicates  that  this  tooth  had  two  roots, 
a  smaller  anterior  and  a  larger  posterior ;  probably  the  crown  was 
triangular  in  outline.  The  next  tooth  (pm.4)  is  much  broken;  it 
seems  to  have  consisted  of  a  high  anterior  ridge,  a  median  trans- 
Terse  crest,  only  traces  of  which  remain,  and  a  small  posterior 
ridge  now  much  worn.  The  next  tooth  (m.  1)  is  like¥rise 
trilophodont,  the  hinder  crest  being  much  the  smallest  It  is 
much  worn  and  considerably  broken  on  the  inner  side.  The  suo- 
.  ceeding  molars  are  in  an  excellent  state  of  preservation.  Both  are 
trilophodont,  but  in  the  last  the  hinder  ridge  (talon)  is  considerably 
larger  than  in  m.  2.  Each  transverse  ridge  is  evidently  composed 
of  two  tubercles,  and  is  connected  with  the  ridge  behind  by  a  very 
slightly  developed  longitudinal  prominence.  Small  tubercles  occur 
at  the  inner  ends  of  the  transverse  valleys  in  m.  3.  The  outer 
ends  of  the  ridges  are  far  more  worn  than  the  inner,  which  stand 
up  considerably  above  the  rest  of  the  tooth-crown.  There  is 
a  regular  increase  in  the  degree  of  wear  from  m.  8  to  m.  1.  It 
seemed  just  possible  that  the  tooth  here  described  as  m.  1  might 
be  the  last  milk-molar,  but  its  state  of  wear  compared  with  i^at 
of  the  other  teeth,  and  the  absence  of  any  trace  of  a  premolar  germ 
in  the  jaw  beneath  it  or  of  a  molar  behind  those  now  described, 
prove  that  the  interpretation  here  adopted  is  the  correct  one. 

It  will  be  seen  that  this  genus  differs  from  l^atiodon  in  the  greater 
simplicity  of  uk  3,  and  in  the  fact  that  two  premolars  and  three 
molars  are  in  use  at  once.  I  propose  the  generic  name  ValaomMUidiat^ 
for  this  form,  the  name  of  the  species  being  P.  BeadneUt  after 
Mr.  H.  J.  L.  Beadnell,  of  the  Egyptian  (Geological  Survey,  to  whom 
the  discovery  of  these  fossils  is  mainly  due  and  by  whom  the  sorvey 
of  the  Faytlm  area  has  been  carried  out. 


Digitized  by  VjOOQ IC 


Dr.  C.  W.  Andrews — Extinct  Egyptian  Vertebrates.     403 

The  dimensions  of  the  specimen  figured  are  as  follows : — 

mm. 

Total  length  of  specimen 610 

Depth  of  ramns  in  middle  of  diastema     96 

„         J,     immediately  in  front  of  p.m.  3 105 

„         „     immediate!^  beneath  p.m.  4       120 

„         „      atsymphysiB        97 

DncBNsioNs  OF  Tbbth  (in  nuUimetres). 

Length.  Width. 

p.m.  3 41  (ofalTeolns)  — 

p.m.  4 48        33  (approx.) 

m.  1      48        87  (approx.) 

m.2      66        61 

m.3      78        63 

Approximate  length  of  molar  and  premolar  series     . . .     286  mm. 

Other  specimens  probably  referable  to  this  form  are  a  maxilla 
with  two  molars,  a  nearly  perfect  specimen  of  m.  2,  a  scapula, 
a  humerus,  a  femur,  a  tibia,  an  imperfect  os  innominatum,  an  atlas, 
and  an  axis. 

Mcmiherium  Lyonsi,^  Andrews.     (Fig.  2.) 

In  the  lower  beds  of  probably  Upper  Eocene  age  a  great  quantity 
of  remains  of  an  ungulate  about  the  size  of  a  large  tapir  was  obtained. 
These  include  numerous  portions  of  the  skull  and  mandible,  some 
with  the  teeth  in  good  preservation,  associated  sets  of  vertebras  more 
or  less  complete,  ossa  innominata,  femora,  humeri,  etc.  From  these 
it  will  eventually  be  possible  to  obtain  a  very  good  idea  of  the  skeletal 
structure  pf  this  animal.  Here  it  will  only  be  possible  to  refer 
briefly  to  the  skull  and  teeth. 

The  skull  is  very  massively  built  The  cranial  region  is  depressed, 
and  the  stout  zygomatic  process  arises  far  back  and  projects  strongly 
outward.  The  external  auditory  opening  is  on  the  upper  surface  of 
the  base  of  this  process,  and  is  bordered  posteriorly  by  an  outgrowth 
of  the  squamosal  which  grows  round  it  as  in  the  elephants.  The 
brain-case  is  relatively  large.  The  orbit  is  small,  and  the  nasals 
seem  to  have  been  rather  short,  leaving  a  large  narial  aperture. 

The  teeth  are  remarkable.  In  the  upper  jaw  the  median  pair 
of  incisors  are  small,  the  second  pair  greatly  enlarged,  triangular 
in  section,  and  form  a  strong  pair  of  downwardly  directed  tusks 

\ '' Tageblatt  des  V  Intemationalen  Zooloffen-Oongresses,"  Berlin,  No.  6, 
Angnst  16th,  1901,  p.  4.  The  generic  name  refers  to  the  fact  that  the  remains  of 
the  animal  were  found  near  the  bed  of  the  ancient  Lake  Moeris.  The  species  is 
named  after  Captain  Lyons,  Director-General  of  the  ^yptian  Geological  Snrvey. 

Schweinforth,  in  his  account  of  the  Faynm  (ZeitBcnrift  der  Gesellschaft  for 
Erdkunde  zn  Berlin,  1886,  Bd.  zxi,  p.  139),  states  that  in  a  lull  about  12|  miles 
west  from  the  temple  discovered  by  nim  he  collected  a  jaw  of  Zmglodon  and  two 
mandibular  rami  of  a  creature  resembling  a  pig  or  tapir  and  corresponding  in  many 
respects  to  Chmropotanm$.  These  specimens  were  afterwards  described  by  Dames, 
who  {he,  eit,  tupra)  states  that  the  so-called  Cfueropotamm  jaws  are  in  fact  the 
anterior  ends  of  mandibles  of  Zmglodon,  It  seems  not  improbable,  however,  that 
Schweinfurth  was  more  nearly  right,  and  that  the  spedmens  actually  belonged  to 
the  present  species.    A  further  examination  of  these  specimens  is  desirable. 
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(Fig.  2b).  Immediately  behind  the  lairge  incisor  are  two  small  teeth 
(represented  only  by  alveoli),  the  anterior  one  probably  being  |the 
third  incisor,  the  posterior  the  oanine ;  behind  this  is  a  diastema  of 
some  length  (about  27  mm.)*     (Fig.  2a.) 


Fio.  2. — Dentition  of  McBrithirium  Lyotm.  One-fonrtli  natural  size.  (A)  U] 
teeth;  (B)  front  of  anout,  showing  the  tnak-like  second  indsors;  (C) 
ramus  of  mandible  from  outer  side. 

The  cheek-teeth  are  six  in  number.  The  anterior  premolar  (pm.  2) 
consists  of  an  outer  wall  composed  of  four  blunt  tubercles,  of  which 
the  middle  two  (protocone  and  tritocone  of  Scott's  nomenclature) 
are  largest  and  subequal.  The  anterior  (?  parastyle)  and  posterior 
(?  metastyle)  are  smaller.  The  inner  side  of  the  tooth  forms 
a  broad  triangular  shelf-like  edge,  worn  into  a  concavity  by  the  tooth 
below.  The  next  tooth  (pm.  3)  has  two  external  tubercles  (proto- 
and  tritocone)  and  a  large  inner  tubercle  (deuterocone).  The 
dngulum  is  well  developed,  and  f(xni%  a  shelf-like  hollow  on  the 
posterior  border.  The  next  tooth  (pm.4)  is  similar.  The  first 
molar  is  bilophodont,  but  the  crests,  which  are  completely  separated 
by  the  transverse  valley,  are  distinctly  composed  of  two  tubercles, 
those  forming  the  anterior  one  being  the  paraoone  and  protocone, 
those  in  the  posterior  the  metaoone  and  hypocone.  The  cingnlum 
is  well  developed  on  the  inner  and  anterior  border  of  the  tooth, 
less  distinot  on  the  posterior,  and  absent  on  the  exterior  border. 
The  next  tooth  (m.  2)  b  similar,  the  last  is  wanting  in  the  specimen 
described. 

The  mandible  is  very  solidly  constructed,  the  rami  being 
thickened  and  very  convex  from  above  downward  on  the  outer 
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surface.  The  symphjsial  region  is  massive  and  spont-like.  The 
dental  foramen  is  beneath  pm.  3.  llie  ooronoid  process  arises 
from  the  outer  surface  of  the  ramus  beneath  the  anterior  end  of  m.  3, 
and  has  a  thickened  anterior  border  which  often  remains  when  the 
rest  is  broken  away  (see  Fig.  2o).  The  condyle  is  transversely 
extended,  and  is  convex  in  that  direction  as  well  as  from  before 
backward. 

There  are  two  pairs  of  lower  incbors,  the  first  being  comparatively 
small  teeth  orowded  between  the  second  pair,  which  are  modified 
to  form  large  tasks  and  are  triangular  in  section.  The  incisors  are 
procumbent 

The  first  of  the  cheek-teeth  (pm.  2)  consists  of  a  high,  blunt 
anterior  cusp,  and  a  low,  broad  shelf-like  talon.  The  next  (pm.  3) 
has  a  high  anterior  crest  which  seems  to  be  composed  of  at  least  two 
united  cusps,  and  in  front  of  the  ridge  thus  formed  there  is  a  small 
antero-internal  cusp.  Behind  there  is  a  talon  with  a  slight  median 
prominence.  The  next  tooth  (pm.  4)  is  similar,  and  is,  therefore, 
simpler  than  the  succeeding  first  molar,  which  is  bilophodont,  each 
ridge  being  evidently  composed  of  two  tubercles.  On  the  outer 
side  there  is  a  distinct  cingulnm,  which  on  the  hinder  border  of  the 
tooth  broadens  out  into  a  narrow  talon  with  a  median  tubercle 
forming  a  small  third  lobe  to  the  tooth.  The  next  tooth  (m.  2) 
is  similar,  but  the  talon  is  larger.  In  the  last  molar  the  tcuon  is 
large  and  bears  a  transversely  elongated  cusp  on  its  postero-intemal 
border. 

The  molars  show  a  strong  tendency  to  assume  a  trilophodont  form ; 
in  fact,  the  two  last  may  almost  be  regarded  as  having  already  done 
so.  This  circumstance,  together  with  the  fact  that  in  both  jaws  the 
second  incisors  are  enormously  enlarged,  while  at  the  same  time  there 
is  a  tendency  to  suppress  the  others  (the  third  lower  having  already 
disappeared),  incline  me  to  believe  that  in  this  animal  we  have 
a  generalized  forerunner  of  the  Mastodon  type  of  Proboscidean. 
This  conclusion  is  likewise  supported  by  some  points  in  the  structure 
of  the  skull  and  skeleton.  As  to  the  group  of  primitive  mammak 
to  which  MfBrifherium  is  most  nearly  related,  it  is  not  possible 
to  arrive  at  any  definite  conclusion  till  all  the  available  parts  of  the 
skeleton  have  been  examined,  but  perhaps  it  will  be  found  to  have 
arisen  from  some,  at  present,  unknown  subdivision  of  the  Amblypoda. 

DixBNSioKS  OF  Uppbr  Dentitiok.    (Figb.  2a  and  b.) 
Approximate  length  of  npper  pm.  and  m.  series     ...        147  mm. 

Approximate  diameter  of  tusk  30  „ 

Length  of  diastema 27  „ 

DiMBNSIONS  OF  UfPBB  GhXBK  TbBTH. 

Length.  Width. 

pm.2          27    mm.  ...  23    ran.  (approx.) 

pm.8          26*5  „  ...  29-5  „ 

^.4          23      „  ...  27-6  „ 

m.l           29      „  ...  27      „ 

m.2            26      „  ...  23-6  „ 

m.8  
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DmsNSioNS  OF  THB  Maitdiblb  and  Lowbr  Dbntition  bhown  in  Fio.  2c. 


Total  length 

Height  of  condyle  above  inferior  border 
Length  of  premolar  and  molar 

Leng^. 

pm.  2  ...        ...        22  mm 

pm.  3 


pm.4 
m.  1  . 
m.2  , 
m.3 


23 

25 

26-5 

35 

42 


A  laige  part  of  the  skeleton  of  this  animal 
described  in  the  detailed  aoooont  of  these  specimens.    Here  we  may 


320  mm. 
...        168   „ 
...        172  „ 
Width. 

16  mm. 

21     „ 

23     „ 

24-6  „ 

30     „ 

30     „ 

is  known,  and  will  be 


Fio.  8. — Mandible  and  lower  teeth  of  Brady thitium  grave.  One-sixth  natural  use. 
(A)  Bight  ramoB  of  mandible  from  onter  side ;  (B)  mandible  from  below  ; 
(C)  third  left  lower  molar. 

merely  mention  that  the  femur  is  without  third  trochanter,  and  the 
humerus  has  no  entipicondylar  foramen. 
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Bradyikerium  grave,^  Andrews.     (Figs.  3  and  4.) 

Another  very  remarkable  animal  from  the  lower  beds  is  an 
enormously  heavily  built  ungulate,  whioh  in  many  respeots  re- 
sembles Dinoiherium,  but  in  others  reminds  one  of  some*  of  the 
gigantic  Amblypoda  of  North  America. 

The  mandible  is  shown  in  Fig.  Sa  and  b.  It  will  be  seen  that 
it  is  a  very  massive  structure.  Its  inferior  border  beneath  the 
molar  series  is  convex,  and  immediately  beneath  the  front  of  the 
anterior  premolar  it  bears  a  stout  tuberosity  which  is  directed 
outward,  downward,  and  forward,  and  is  somewhat  similar  to  the 
protuberances  occurring  in  the  same  place  in  some  Dinocerata.  In 
front  of  this  process  the  lower  border  of  the  jaw  slopes  upward, 
and  forms  the  floor  of  the  socket  for  the  large  tusk-like  procumbent 
incisors.  The  dental  foramen  is  situated  beneath  me  anterior 
premolar,  and  there  seem  to  be  two  smaller  foramina  farther  back. 
The  coronoid  process  rises  from  the  middle  of  the  ramus  at  the  level 
of  m.2.  Its  greatly  thickened  border  slopes  somewhat  forward, 
and  rises  some  11  cm.  above  the  crowns  of  the  teeth.  It  then  turns 
back  at  right  angles,  but  is  broken  away  posteriorly,  as  also  are 
both  the  condylar  and  angular  regions.  The  symphysis  is  very  long 
(Fig.  Sb),  commencing  beneath  m.  1;  its  upper  surface  is  spout- 
Uke  and  narrows  rapidly  anteriorly,  so  that  the  anterior  premolars 
are  only  about  5  or  6  cm.  apart  In  front  the  pair  of  large  tusk-like 
incisors  are  almost  in  contact  in  the  middle  line. 

As  just  mentioned,  there  was  a  pair  of  large  tusks,  procumbent 
in  position,  and  close  together  in  the  middle  line.  In  this  specimen 
the  broken  base  of  the  tooth  is  in  $itil  on  the  left  side,  while 
on  the  right  the  alveolus  is  empty.  It  is  possible  that  there 
may  have  been  a  second  pair  of  small  incisors  above  the  large 
ones,  but  the  evidence  of  this  is  not  dear.  Behind  tne  incisors  is 
a  diastema  of  about  13  cm.  The  portion  of  the  alveolar  border 
bearing  the  cheek-teeth  is  raised  considerably  above  the  diastema. 
There  were  three  premolars,  of  which  the  anterior  one  (p.m.  2)  has 
a  triangular  crown ;  it  appears  to  have  three  roots,  of  which  one 
is  anterior,  the  other  two  arranged  transversely  posteriorly.  The 
next  two  (pm.  3  and  pm.  4)  have  quadrate  crowns,  apparently 
bilophodont,  and  four  roots.  The  first  molar  is  greatly  broken; 
it  had  four  roots.  The  second  is  bilophodont,  and  the  crown  is 
somewhat  longer  than  broad;  there  are  four  roots.  The  last 
(Fig.  3o)  consists  of  two  transverse  crests  and  a  large  talon :  in 
this  also  there  seem  to  have  been  only  four  roots,  the  postero* 
external  one  being  enlarged  to  support  the  talon.  Ail  these  teeth 
are  greatly  worn,  especially  on  the  outer  side.  They  are  also 
greatly  damaged  by  exposure  to  drifting  sand.  The  upper  cheek- 
teeth are  also  much  damaged :  those  of  the  left  side  are  shown  in 
Fig.  4.  The  anterior  premolar  (pm.  2)  is  broken  on  its  inner  side : 
it  seems  to  have  had  three  roots,  and  its  crown  narrowed  con- 
siderably in  front    pm.  3  and  pm.  4  are  both  four-rooted,  and  their 

^  "Tageblatt  dee  Y  Internationaleii  Zoologen-Oongrattet,"  Berlin,  No,  6, 
Angaft  16th,  1901,  p.  4. 
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rectangular  oro wns  are  wider  transversely  than  from  before  backward. 
Their  surface  is  greatly  worn,  so  that  no  trace  of  cusps  or  ridges 
remains.  The  greatly  worn  m.  1  is  similar,  m.  2  and  m.  3'  have 
quadrate  crowns,  each  composed  of  a  pair  of  transverse  ridges^ 
which  are  much  more  worn  on  the  inner  than  on  the  outer  aides. 


Fig.  4. — Left  upper  cheek-teeth  of  Bradytherium  gra9$,  Andrews. 
One-sixth  natoral  size. 

Besides  the  mandible  and  upper  teeth  here  described  the  collection 
includes  the  scapula,  humerus,  ulna,  and  some  other  portions  of  the 
skeleton. 

The  humerus  is  enormously  stout,  and  its  distal  end  greatly 
expanded. 

This  remarkable  animal,  for  which  the  name  Bradytlieriu'm  grave 
is  proposed,  in  many  respects  resembles  Binoiherium^  at  least  as 
far  as  its  dentition  goes,  but  differs  in  several  points,  e.g.  in  the 
presence  of  three  premolars  and  in  the  existence  of  a  talon  on  the 
third  lower  molar.  In  some  ways,  as  in  the  presence  of  the 
tuberosity  on  the  lower  border  of  the  mandible  and  in  the  form  of 
the  humerus,  it  shows  some  similarity  to  certain  of  the  Dinooerata. 
Its  actual  position  remains  for  the  present  doubtful.  Portions  of 
three  individuals  were  found,  so  that  there  is  every  reason  to  hope 
that  further  search  may  yield  more  material  for  settling  this  question. 

The  dimensions  of  the  specimens  described  and  figured  are  (in 
millimetres) : — 


TJppBii  Tbbth.— pm.  2 

Len^h. 

Width. 
67 

pm.  8 

.*!.'        89        *.'.! 

66 

pm.  4 

60 

80 

m.l 

59 

84 

m.  2 

76 

86 

m.8 

83 

87 

LowBit  Tbbth.-— pm.  2 

61 

86  (approx.) 

pm.  8 

43 

...        47 

pm.4       ... 

...        67        ... 

66 

m.  I 

67 

— 

m.2 

86 

64 

m.8 

...       106 

...        70 

Totallength  of  npper  molar  and  premolar  series            ...  366 

Total  length  of  lower  molar  and  premolar  series  (approx.)  386 

Total  length  of  mandible  as  figured          660 

Depth  of  ramus  beneath  pm.  4,  about      266 
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Ttk6  difloovery  of  these  Lower  Tertiary  mammalB  is  of  oonsiderable 
importance,  not  merely  on  acoonnt  of  the  interest  of  the  speoimens 
hitherto  ooUeoted,  but  as  showing  that  maoh  may  be  expected  from 
further  investigation  of  the  Tertiary  deposits  of  the  Libyan  Desert. 
At  present  I  am  aoquainted  with  (probably)  Upper  Eocene,  Lower 
Oligocene,  Lower  Miooene,  and  Lower  Pliocene  mammal-bearing 
beds ;  And  in  several  localities,  during  joameys  across  the  desert^ 
fragments  of  teeth  and  bones  were  observed  when  it  was  impossible 
to  stay  to  make  any  search  after  more  complete  specimens,  whidi 
must  no  doubt  be  obtainable.  Another  point  of  importance  is  that 
the  fanna  now  described  differs  entirely  from  that  found  in  deposits 
of  the  si^me  age  in  Europe,  and  points  to  the  existence  of  a  large 
land  area  to  the  south  which  had  long  been  isolated.  The  few 
species  so  far  obtained  can  only  represent  a  very  small  fraction  of 
those  which  existed,  and  when  found  will  throw  great  light  on  many 
obscure  questions  of  geographical  distribution.  One  long-standing 
problem,  viz.  the  place  of  origin  of  the  Proboscidea,  may  perhaps 
be  regarded  as  solved  already. 

iil — notb  on  the  disoovsby  of  a  vebt  fime  exahplk   of 
Plburotoma  pbisca,  Solandeb,  sp.  (1766),  at  Barton,  Hants. 

By  Hbkrt  Woodwabd,  LL.D.,  F.R.S.,  V.P.Z.8.,  F.G.S. 

IN  one  of  his  recent  visits  to  the  Natural  History  Museum,  Major 
C.  E.  Beadnell  kindly  showed  me  a  fine  example  of  the  well- 
known  shell  Fleuroioma  pri$ca,  which  had  been  obtained  some  years 
ago  by  his  son,  Mr.  Hugh  J.  L.  Beadnell,  F.O.S.  (now  of  the 
Geological  Survey  of  Egypt),  when  collecting  speoimens  from  the 
Barton  Clay  (Middle  ^ioene)  in  the  historical  cliffs  at  Barton, 
Hampshire,  whence,  prior  to  1766,  Qustavus  Brander,  F.R.S.,  made 
his  famous  collection,  some  of  the  speoimens  of  which  are  still 
preserved  in  the  British  Museum  (Natural  History).^ 

On  comparing  this  shell  with  the  figures  in  F.  E.  Edwards'  & 
8.  V.  Wood's  "Eocene  MoUusca"  (Pal.  Soa  Mon.),  tab.  xxxiii, 
figs,  la-^,  I  was  surprised  to  find  Mr.  Beadneirs  specimen  greatly 
exceeded  the  figured  examples  in  altitude  of  the  spire,  as  well  as  in 
diameter.  I  therefore  requested  Major  Beadnell  to  allow  me  to 
figure  it,  to  which  he  at  once  most  obligingly  consented. 

The  following  is  a  transcript  of  Edwards'  &  Searles  Wood's 
description  of  Fleuroioma  priaea,^  Solander,  sp.  (1766). 

*< Shell  elongated,  fusiform,  nearly  smooth;  the  spire  almost 
conical,  pointed  and  moderately  elevated,  being  of  equal  length  with 
the  aperture.  The  whorls  are  slightly  ventrioose ;  when  yonng,  the 
whole  surfaoe  is  covered  with  m<^erately  distant,  concentric,  raised 
lines,  in  which  state  it  resembles  PL  filoaa,  Lamk. ;  these  lines, 
however,  are  lost  on  the  fourth  or  fifth  volution,  and  the  whorls 
.afterwards  become  smooth  and  shining,  except  at  the  base  and  over 

^  Figured  and  described  by  Dr.  Solander  in  a  work  entitled  *<  Foesilia  Hantonienda 
OoUecta,  et  in  Mnseo  Britannico  deposita,  a  Gustaro  Brander,  1766." 
*  Mmexpruoa^  Brander*!  Foes.  Hani,  1766,  p.  16,  pL  i,  fig.  25 ;  pi.  iii,  fig.  44^ 
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the  posterior  margins,  round  the  satnral  edges  of  whioh  last  run 
three  or  four  fine,  threadlike,  raised  lines,  occasionally  replaced  by 
two  or  three  shallow,  obscure  furrows  ;  the  last  whorl  is  nearly 
conical,  obscurely  sulcated  at  the  base  and  deeply  notched  at  the 
extremity  ;  the  anterior  canal  is  wide,  very  short,  and  indistinct. 
The  aperture  is  narrow  and  of  an  oblong-oval  form ;  the  outer  lip 
wing-shaped,  projecting  towards  the  front,  thin  and  sharp  on  the 
edge,  and  smooth  within ;  the  sinus,  which  is  in  the  very  front  of 
the  margin,  is  wide,  moderately  deep,  somewhat  triangular  in  form, 
and  widely  rounded  at  the  extremity  ;  the  inner  lip  is  much 
thickened,  and  is  produced  and  bent  outwards  in  front,  giving  an 
umbilicated  appearance  to  the  columella,  which  is  slightly  twisted 
and  prominently  crested  towards  the  base." 


PUwroUma  pruea^  Solander,  sp.    Middle  Eoeene:  Barton,  Hants. 
(Drawn  of  the  natural  size.) 

There  are  five  specimens  figured  in  Edwards'  &  Wood's  mono- 
graph, on  tab.  xxxiii,  figs,  la-e ;  the  largest,  a  and  d,  being  from 
Barton,  and  measuring  70  and  74  mm.  respectively  in  length,  by 
25  and  22  mm.  in  breadth. 

Mr.  Beadnell's  specimen  measures  90  mm.  in  lengrth  and  28  mm. 
in  breadth,  and  is  therefore  considerably  larger  than  either  of  the 
above  examples.  When,  however,  we  turn  to  other  Eocene  species 
oi  PUuToUma,  we  find  PL  cochli$  attaining  to  a  length  of  80  mm., 
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PL  symmetrica  to  95  mm.,  PL  attenuata  to  98  ram.,  and  PL  rostraia 
from  80  to  100  mm. 

Amongst  recent  Pleurotoma  there  are  more  than  a  dozen  speoies 
which  exceed  PLprisea  in  length  of  shell,  up  to  PL  grartdis  from  the 
India  and  China  seas,  which  attains  to  a  length  of  135  mm. 

Although  Mr.  Hugh  Beadnell's  Pleurotoma  prisca  does  not  **  break 
the  record  "  for  size  amongst  Eocene  species,  he  may  at  least  claim 
to  have  unearthed  one  of  the  largest  specimens  of  this  genus  oyer 
found  at  Barton. 

IV. — On    the    lilMBUBOITS    FBOM     NEAB    SaSBAOH. 
By  Canon  T.  G.  Bonkbt,  D.So.,,  LL.D.,  F.E.S. 

SO  much  confusion  has  existed  on  the  subject  of  limburgite,  that, 
although  it  has  now  been  partly  dissipated,  a  record  of  my  own 
investigations  may  be  of  use,  at  any  rate  to  English  petrologists. 
The  rock  has  been  classed  by  some  with  the  peridotites.  From 
these  it  is  separated  by  Bosenbusch,^  who  in  his  latest  work  places  it 
in  a  subgroup  with  the  augitites  in  proximity  to  the  basalts.  Zirkel 
uses  limburgite  as  a  synonym  for  magma-basalt  F.  Qraeff '  implies 
relationship  with  the  nepheline-basalts.  Barker's'  remarks  suggest 
similar  conclusions,  as  do  those  of  Oole,^  though  his  opening  words 
are  perhaps  slightly  misleading.  All,  however,  lay  so  much  stress 
upon  the  absence  of  felspar,  by  giving  such  definitions  as  <<  Limburgite 
nnd  Augitite  sind  die  felspathfreien  Entglieder  der  Qesteinreihe 
Trachydolerit,  Tephrit,"  etc.,*  or  "Frei  von  Feldspar  und  Felspath- 
oiden  ist  der  Limburgit,'"  and  in  some  bases  by  reference  to  the 
peridotites,  that  students  may  readily  overlook  the  fact  that  this 
rock  is  only  free  from  felspar  in  the  same  sense  as  tachylite  or  many 
pitchstones  and  obsidians. 

A  little  consideration  of  the  original  analysis  should  have  shown 
that  the  rook  could  not  possibly  be  placed  in  the  same  group  as  the 
peridotites.     This  (to  which  I  add  a  more  recent  one)  gives : — 

(ly  (2)» 

SiO,        42-78  

TiO,       0-28 

A1,0,      8-66 


FejO,  -   \ 

FeO  17-96/ 

MnO  0-96 

MgO  10-06 

CaO  12-29 

Na,0  2-81 

KjO  0-62 

HjO  3-96 


44-38 
0-29 
9-04 

12-82 

0-99 
10-48 
12-82 

2-41 

0-99 
(not  giTen) 


99-87 »  94-22 

^  <<Element6  der  Oestdnelehre,*'  p.  361.    See  also  *<lfikro8cop.  Phyriogr.  der 
maatigen  Oeiteine,"  p.  811. 

*  <*  Mitt,  der  Orossher.  Badisclien  Oeol.  Landesanstalt,"  ii,  p.  405. 
s  «  Petrology  for  Stodenta,"  1895,  p.  179. 

«  «  Aids  to  Geology,'*  1898,  p.  262. 

*  Boseobnsoli:  <'£lemente,"  p.  361. 

*  Graeif :  loc  dt.  ^  From  a  pamphlet  by  ProfesBor  Steinmann. 
1  «  Slemente,*'  p.  363.  >  Traoes  aiso  of  On  and  Ni. 
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In  eight  other  analyses  qaoted  by  Rosenbasoh  as  repreeonting 
limbargites  we  find  that 

The  percentage  of   SiO«  ranges  from  40-20  to  44*64 
AljOa           „  8-66   „    14-89 

„  MgO  ,,  6*80  ,,    13*34 

,,  alkalies        „  3'60  „     8*88^ 

But  the  analysis  of  a  very  typical  peridotite  (dunite)  is:'  SiO|, 
3S-61;  Al,0„l-68;  Fe 0,8-42;  MgO,  42*29;  Na, 0,001;  K,0, 
002 ;  H, 0,  6-89.  Total,  97-92  (trace  of  Oa 0).  Among  the  other 
analyses  of  peridotites,'  we  find  that  the  percentage  of  Si  0|  is  often 
a  little  higher  and  that  of  Mg  O  rather  lower,  the  former  rising  to 
about  45,  the  latter  falling  even  as  low  as  about  20,  when,  however, 
the  Oa  O  and  Fe  0  usually  increase,  so  as  to  bring  the  total  of  the 
three  protoxide  bases  above  40.  The  chemical  composition  of  a  rook 
consisting  mainly  of  olivine  (ie.  a  peridotite)  obviously  cannot  differ 
materially  from  that  of  an  olivine;  a  slight  rise  in  the  silica  per- 
oentage  will  indicate  the  incoming  of  enstatite,  or,  with  addition  of 
Oa  0,  of  a  monoclinic  pyroxene ;  when  the  percentage  of  AljOs  is  very 
low,  that  is  probably  present  in  a  spinellid,  but  with  a  higher  rise 
(say  above  4  per  cent.)  biotite^  or  white  chlorite'  or  anorthite  may 
be  expected.  Thus,  as  I  pointed  out  several  years  ago,*  limburgite 
must  be  much  more  closely  related  to  the  picrites  than  to  the 
peridotites,  and  1  suggested  that  it  should  be  regarded  as  a  glassy 
form  of  that  group.^ 

None,  however,  of  these  authors  name  felspar  or  a  felspathoid  as 
a  constituent  of  limburgite,  though  some  hint  at  the  possibility  of 
their  being  present,  so  that  it  may  be  worth  while  to  put  on  record 
a  demonstration  of  the  fact  which  I  obtained  in  the  Summer  of  1895. 
1  then  collected  two  varieties  of  limburgite  from  a  large  heap  by 
the  roadside,  approaching  the  village  of  Sasbach,  rather  more  than 
a  mile  from  the  southern  quarry  at  Limburg.®  One  was  muoih  less 
vesicular  (or  amygdaloidal)  than  the  other,  and  looked  less  likely  to 
have  a  vitreous  groundmass,  so  that  on  my  return  to  England  1  had 
it  sliced.  Microscopic  examination  proved  it  to  contain  a  considerable 
•quantity  of  felspar,  and  1  should  have  published  a  description  of  it 
at  once  had  I  obtained  it  from  the  quarry.'    So  1  waited  in  the  hope 

^  OeneraUy  under  6*6. 

2  Wadsworth :  **  lithological  Stndiea,"  p.  xxiv. 

'  These  remarks  do  not  apply  to  the  list  given  by  Professor  Rosenbosch,  ut  mpra, 
p.  166,  but  £rom  personal  knon^edj^  I  must  refuse  to  admit  either  the  Schriesheim 
picrite  or  kimberlite  into  the  periootites. 

^  As  in  the  mica-peridotite  of  Kentucky. 

^  As  in  the  Rauenthal  serpentines.  Here  the  alumina  only  amounts  to  1*36 :  see 
C.  A.  Baisin,  Q.J.O.8.,  1897,  pp.  261,  267. 

<  Pres.  Add.  Geol.  Soc. :  Q.J.G.S.,  1886,  p.  69. 

^  This  is  yirtually  admitted  by  Rosenbusch  («  Elemente,"  p.  861,  aad  «  Mikro. 
Phys./'  p.  818).  Zirkel  (ill,  76)  will  not  allow  eren  this,  and  uses  Hmburg^  as 
A  synonym  for  magma-basalt. 

^  Professor  Steinmann  writes  '  Limberg '  for  the  place. 

^  It  is  not  my  custom  to  be  satisfied  with  specimens  thus  collected.  But  I  had 
been  unable  to  get  a  carriage  at  Eies^l  (as  I  nad  been  led  to  expect),  and  thus  had 
been  obliged  to  ^  on  foot.  It  was  a  hot  afternoon,  a  long  and  f utiguing  walk,  and 
my  time  was  limited  by  trains,  so  that  I  had  to  turn  back  without  reaching  the  hilL 
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that  I  might  either  go  there  myself  (it  is  now  more  easy  of  aooess) 
or  get  a  friend  to  ascertain  the  aotual  relation  of  this  to  the  more 
familiar  variety  of  limburgite.  Last  Spring,  Mr.  P.  Haas,  B.Sc^ 
one  of  my  former  students  at  Uniyersity  College,  informed  me  that 
he  proposed  attending  lectures  at  the  University  of  Freiburg,  so 
I  a^ed  him  to  visit  Limburg.  Early  in  the  Summer  he  forwarded 
to  me  a  small  box  of  specimens  and  a  rough  sketch  of  the  quarry, 
on  which  the  position  of  each  was  marked,  and  of  which  I  annex 
a  copy.  This  quarry,  Mr.  Haas  informs  me,  is  on  the  south  side  of 
the  hill  marked  by  the  ruined  castle  of  Limburg,  near  the  south- 
eastern angle;  the  one  fi*om  which  Professor  Rosenbusch  obtained 
and  described  specimens  being  on  the  north-west  side,  near  the  ruin 
and  overlooking  the  Bhine. 


A. 
B. 
C. 
D. 


B. 
L. 


Fio.  1. 

Upper  flow,  limburgite  (inacoesBible). 

IJpper  tuff. 

Middle  flow,  limburgite. 

Lower  tuff,  much  foreshortened,  with  path  on  cliff  edge.  All  this  is  covered  by 
slipped-down  loess,  but  Mr.  Haas  saw  tiie  tuff  at  D  and  in  two  places  near 
D ,  where  also  limburgite  was  exposed  in  two  places  (2  marking  one  of 
them),  and  the  relations  of  the  lava  and  tuff  iq[»pear6d  to  oe  irregular  here. 

Lower  flow,  limbumte. 

Loess,  often  slipped 
The  numerals  indicate  the  positions  of  the  specimens  described  in]  the  text, 
6  being  the  dark  rock. 

It  will  save  time  to  arrange  the  specimens  for  description 
according  to  their  structure  rather  than  their  situation  in  the  mass. 
The  first  (1)  has  a  general  resemblance  to  a  specimen  (purchased) 
which  has  been  in  my  collection  for  some  five  and  twenty  years, 
except  that  its  vesicles  are  a  little  smaller  and  more  thinly  lined 
with  (white)  secondary  minerals.^  There  is  a  slight  but  unimportant 
difference  in  the  tint  of  the  groundmass,  and  the  visible  crystals  of 
augite  are  a  little  smaller.  Microscopic  examination  proves  the 
larger  crystals  to  be  imbedded  in  a  matrix  consisting  of  small 
elongated  prisms  of  brownish  augite,  with  a  few  rods  of  iron  oxide, 

^  I  have  a  couple  of  slices  of  limburgite,  bought  neulj  as  long  ago.  Thev  show 
the  usual  minenus,  imbedded  in  a  rich  brown  glass,  in  which  also  are  scattered  a  few 
microliths,  apparently  a  pyroxene. 
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and  of  an  interstitial  material,  which  sometimes  is  a  brown  glass, 
sometimes  a  clear  substance,  more  or  less  crowded  with  brown 
granules.  The  latter  not  unfrequently  acts  on  polarized  light,  and 
in  its  dearer  parts  the  outlines  of  a  prismatic  mineral,  apparently 
a  felspar,  may  be  detected. 

(2)  Base  of  the  middle  mass,  right-hand  side.  The  hand  specimen 
exhibits  many  crystals  of  black  augite  about  the  same  size  as  in  the 
first  specimen,  and  small  light-rust-brown  spots,  indicating  partly 
decomposed  olivine,  in  a  chocolate-brown  compact  matrix.  Vesicles 
are  far  from  numerous,  generally  not  larger  than  a  mustard-seed, 
and  usually  filled  with  secondary  white  minerals.  As  the  larger 
minerals — augite,  olivine,  and  iron  oxide^as  well  as  the  secondary 
minerals,  zeolites  and  carbonates,  in  the  vesicles,  have  been  so  fiiUy 
described  by  Rosenbusch  in  his  classic  memoir  on  this  rock,^  I  shall 
content  myself  with  referring  the  reader  to  its  pages,  for  they  are 
practically  identical.  The  olivines  (hyalosiderite),  I  may  remark, 
are  frequently,  though  not  universally,  idiomorphic,  and  the  augites 
generally  show  a  slight  pleochroism.  This  is  more  marked  in 
longitudinal  sections,  giving  a  distinctly  yellowish  tint  with  vibrations 
parallel  to  the  vertioal  axis,  and  puce-brown  with  those  perpendicular 
to  it.  As  in  the  normal  limhurgite,  the  larger  minends,  augite, 
olivine,  and  iron  oxide,  are  rather  thickly  scattered  in  a  groundmass 
composed  of  felted  minute  prisms  of  puce-brown  augite,  with  specks 
of  opacite,  flakelets  of  ferrite,  and  some  colourless  belonites,'  and 
a  clear  interstitial  material,  which  in  parts  is  doubly  refracting,  but 
mostly  behaves  as  a  glass.  This  sometimes  (though  less  frequently) 
is  of  a  rusty- brown  colour,  and  recalls  the  base  of  the  typiod 
limhurgite.  These  augite  prisms  do  not  exceed  '005"  in  lengthy 
and  are  commonly  four  or  five  times  longer  than  broad.  The  ferrite 
flakelets  act  on  polarized  light,  as  do  some  little  prisms  of  the  same 
colour,  but  I  suspect  this  material  to  be  little  more  than  a  staining. 
The  groundmass,  I  may  add,  is  not  unlike  one  figured  by  Boricky.* 

(3)  ''  From  the  left-hand  side  of  the  middle  mass  of  limhurgite," 
and  (4)  "From  the  central  part  of  the  pit,  a  few  feet  above  the  floor." 
Both  these  specimens  hardly  differ  megascopically  from  No.  2, 
except  perhaps  in  being  a  shade  less  vesicular ;  but  this  is  not  true 
of  their  groundmass,  which,  however,  is  so  similar  in  both,  that  one 
description  may  serve.  No.  3  contains  numerous  transparent  lath- 
shaped  microliths,  up  to  about  '015"  long,  though  in  one  case  double 
of  this,  and  the  clear  material  between  these  and  other  microliths 
(augite,  etc.)  is  doubly  refracting,  affording  low  polarization  tints, 
and  resembling  an  indefinitely  crystalline  mass  of  felspar.  The 
microliths  show  the  characteristic  twinning  of  plagioclase,  and 
measurements  of  extinction  angles  incline  me  to  refer  them  to 
labradorite.  The  small  prisms  of  augite  are  much  less  numerous 
than  in  No.  2,  but  generally  a  little  larger.  The  opacite  and  ferrite 
are  more  or  less  inclined  to  dnster  in  rod-like  patterns,  and  the 

I  Nenee  Jahrbnch,  1872,  p.  83. 

'  I  defer  the  description  of  these. 

s  «  Petr.  Stud,  an  den  Gesteinen  Bohmens,"  pi.  ii,  fig.  8,  tnd  pi.  iii,  fig.  3. 
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gronndmass  is  rather  variable,  being  in  some  parts  fairly  clear,  in 
others  a  sort  of  micro-ophite  or  mioropegmatite,  composed  of  ferrite 
(or  some  rost-brown  mineral)  and  felspar.  The  colourless  belonites, 
mentioned  already,  are  rather  abundant  Evidently  they  con- 
solidated at  a  very  early  stage,  for  they  are  often  numerous  in  the 
felspar ;  they  have  a  higher  refractive  index  than  the  felspar,  and 
the  general  aspect  of  fibrolite,  but  rather  low  polarization  tints  and 
oblique  extinction.  This  prevents  me  from  referring  them  to  that 
mineral,  which  otherwise  they  resemble. 

(5)  Gomes  from  the  bottom  of  the  pit  (about  the  middle), 
representing  the  lowest  rock  exposed.  This  apparently  differs  muc^ 
from  the  others.  Its  colour  is  greenish-black,  slightly  mottled  in 
places  with  a  paler  green,  so  that  the  augite  crystals  are  less 
conspicuous.  Cavities  are  very  few,  small,  and  filled  with  a  pale 
grev- green  mineral.  Had  I  been  asked  to  name  the  specimen 
without  knowing  whence  it  had  come,  I  should  have  replied, 
« probably  a  picrite."  But  the  microscope  shows  the  differences 
to  be  only  varietal,  the  colour  being  due  to  the  absence  of  the  rust- 
brown  iron  oxides  so  common  in  the  others,  and  the  substitution  of 
a  green  alteration  product  in  the  olivines,*  as  is  commonly  seen  in 
dark-green  serpentines.  The  ground  mass  of  this  specimen  is  also 
a  little  variable,  some  parts  eihibiting  the  intercrystallization  of 
a  basic  material  and  felspar  described  above,  while  the  latter  mineral 
more  commonly  forms  a  clear  ground  mass  of  fair-sized  crystals,  in 
which  the  others  are  scattered  ;  it  is,  in  fact,  still  more  nearly 
a  normal  holocrystalline  rock  than  any  of  the  preceding  specimens. 

The  specimen  which  I  collected  in  1895  is  megascopically  very 
like  Nos.  2,  3,  and  4,  but  under  the  microscope  presents  a  close 
resemblance  to  Nos.  3  and  4,  as  well  as  (allowing  for  the  absence  of 
the  green  mineral)  to  No.  5,  with  one  or  two  varietal  differences. 
The  elongated  little  prisms  of  brown  augite  are  more  numerous  than 
in  the  latter  three;  the  micropegmatitic  structure  is  much  rarer, 
for  it  occurs  only  as  an  outgrowth  from  two  or  three  of  the  large 
augites ;  the  minerals,  large  and  small  (including  numerous  colour- 
less belonites),  being  imbedded  in  a  clear  material,  which  (as  in  parts 
of  those  specimens)  is  a  mass  of  crystallized  felspar  (without  any 
separata  microliths  of  the  same)  often  showing  the  characteristio 
twinning  of  plagioclase. 

When  engaged  in  putting  together  these  notes  I  learnt  from  Miss 
Baisin  that  she  had  visited  the  north-west  quarry  at  Limburg.  She 
has  kindly  allowed  me  to  examine  her  specimens,  and  slices  from  three 
of  them.  The  resemblance  between  these  rooks  from  the  original 
locality  and  those  described  above  is  so  close,  that  a  very  brief  descrip* 
tion  wUl  suffice.  The  minerals  occurring  porphyritically  are  the  same 
in  all.  As  regards  the  groundmass :  that  of  a  moderately  vesicular 
specimen  from  about  the  middle  part  of  the  crag  is  much  darkened 
with  opacite  and  augite  microliths,  but  the  clear  interstitial  material 
(not  abundant)  appears  to  be  a  glass.  Here  and  there  dark  belonites 
(?  a  pyroxene  encrusted  with  a  brownish  iron-oxide)  occur,  arranged 

^  It  affects  only  the  exterior,  or  penetrates  into  some  of  the  craoki. 
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in  a  sort  of  '  fern-leaf '  pattern.  The  gronndmass  of  a  teoond 
specimen  (almost  free  from  yesioles)  taken  not  far  from  the  bottom 
of  the  oliff,  very  doselj  resembles  those  I  obtained  in  1895.  The 
smaller  aagite  microliths  are  not  namerous,  and  all  the  other 
oonstituents  are  embedded  in  a  olear  orystalline  groundmass  of 
plagioolase  felspar.  In  a  third  specimen,  genera&y  similar  in 
struotore,  taken  from  the  base  of  the  cliffy  aggregated  grannies  of 
angite  occur  locally  in  a  similar  groundmass,  in  whidi  I  think 
a  little  nepheline  is  also  present  Thus,  felspar  is  abundant  in 
much  of  the  rook  at  both  ends  of  the  hill,  of  which  the  original 
limburgite,  with  the  base  of  brown  glass,  is  only  a  local  ooodition.' 
According  to  a  section  of  the  Limburg  Hill  from  north-west  U> 
south-east,  published  by  Professor  Steinmann  in  a  pamphlet  (for 


Fio.  2. 

1.  Upper  flow,  limbiugite  (qiheroidal). 

2.  XJpper  tuff. 

3.  luadle  flow,  nepheline-basalt. 

4.  Lower  tuff  (with  wood,  etc.)- 

5.  Lower  flow,  black  limbnr^te. 

6.  Upper  flow,  limbaxgite  (without  olime). 

7.  Upper  toff. 

8.  Miadle  flow,  limbuigite  (with  phillipaite,  etc.)* 

9.  Lower  tuff. 

10.  Lower  flow,  P  limburgite  or  nepheline-basalt. 

11.  Loeee. 

From  the  top  of  the  bill  to  the  bottom  of  the  southern  quarry  is  about  200  feet. 

a  copy  of  which  I  am  indebted  to  Mr.  Haas),  three  flows,  parted  by 
tuffs,. are  exposed  in  each  quarry.  He  speaks  of  the  top  one  in  the 
northern  quarry  as  limburgite,  the  middle  as  nepheline-basalt,  the 
lower  as  black  limburgite.'  In  the  southern  quarry,  from  whioh 
the  specimens  described  in  this  paper  are  taken,  the  upper  ia 
limburgite  without  olivine,  the  middle  limburgite^  the  lower 
limburgite  or  nepheline-basalt  Of  the  specimens  h^re  described, 
Nos.  1,  2,  and  3  are  from  the  *  middle  limburgite,'  Nos.  4  and  5 
from  the  '  lower  stream.'  I  may  say  that  during  my  examination  of 
these  rocks  (before  I  read  Professor  Steinmann's  notes)  I  was  on  the 
look-out  for  nepheline.  Most  of  the  groundmass  is  indubitably 
felspar,  but  one  or  two  small  crystals  included  in  that,  and  a  little 
interstitial  mineral  (neither  very  well  preserved),  are  very  suggestive 
of  that  mineral,  which  the  analysis  would  lead  us  to  expect. 

These  notes,  I  hope,  will  make  it  olear  to  English  readers  that  the 
typical  limburgite  (like  tachylite)  is  only  a  local  glassy  condition 

1  Miss  Baifin  informs  me  that  the  spedfio  graTity  of  a  compact  specimen  is  3'068. 

'  Herr  F.  QraefF  (loc.  dt.^  alsogiTOS  a  section,  naming  the  top  and  bottom  flows  in 
each  limburgite  and  the  middle  one  nepheline-basalt.  He  notices  the  different  colour 
of  the  mass  at  the  bottom  of  the  souwem  quarry,  and  says  this  has  a  different  habit 
from  typical  limburgite. 
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of  a  rook  whioh  elsewhere  oontains  a  oonsiderable  quantity  of  felspar, 
the  one  passing  into  the  other  in  the  same  quarry,  and  almost 
oertainly  in  the  same  mass.  In  a  olassifioation  it  must  be  completely 
separated  from  the  peridotites,  for  it  is  related  by  oomposition, 
on  the  one  hand  to  the  piorites,  on  the  other  to  the  olivine-dolerites, 
and  so  oocupiesi  whether  in  its  glassy  or  holoorystalline  oondition, 
a  transitioned  position.  Thus,  if  limbnrgite  be  restricted  to  the 
▼itreous  type,  a  new  name  must  be  ooined  for  the  other  one.  It  is, 
however,  I  think,  worth  considering  whether  it  would  not  suffice  to 
speak  in  future  of  Limburg-tachylite,  Limburg-basalt,  etc. 

y. — ^Anothbb   Sbotion    of   Ebupsb   Mabls    at   Gbkat    Obosbt, 

Lanoashibb. 
By  T.  Mellaxd  Ebadb,  C.E.,  F.G.S.,  F.E.I.B.A. 

IN  1884  I  described  in  the  Gbolooioal  Maoazikb  a  section  of 
Eeuper  Marls  exposed  by  the  excavation  of  the  Boulder-day- 
at  Moorhey,  Qreat  Orosby.^  This  was  our  first  knowledge  of  their 
existence  in  the  neighbourhood,  the  whole  area  being  covered  with 
a  thick  mantle  of  Boulder-clay  excepting  where  the  Lower  Eeuper. 
Sandstone  comes  to  the  surface  in  the  villages  of  Great  and  Little 
Crosby. 

The  Great  Orosby  Machine  Brickworks  Company  in  extending 
their  operations  in  Cooks  Lane  have  sunk  a  well  at  the  bottom 
of  their  brick-pit,  proving  the  Boulder-day  to  be  35  feet  thick 
from  the  surface  at  this  point  It  is  of  a  remarkably  homogeneous 
constitution  and  plastic  character  throughout  down  to  the  very  base, 
there  being  only  a  vein  of  sand  1  foot  thick  at  about  3  feet  from 
the  bottom.  The  most  interesting  result  of  the  sinking  is,  however, 
the  discovery  that  it  rests  upon  the  Eeuper  Marls.  These  Marls 
are  of  a  bright  blue  colour  and  micaceous.  From  a  personal 
examination  of  the  well  I  found  that  here  the  Boulder-clay  rested 
upon  a  well-defined  surface  of  the  marls  which  do  not  appear  to  be 
worked  up  and  mixed  with  the  clay.  The  well  had  penetrated 
5  feet  of  the  Marls,  which  fail  to  show  very  regular  bedding,  but 
appear  to  have  a  general  dip  to  the  south-east  A  bed  of  more 
gritty  material  was  to  be  seen  on  one  side  of  the  well,  which  is 
5  feet  in  diameter,  but  it  became  pinched  out  on  the  other  side. 

At  a  distance  of  about  440  ya^s,  in  a  direction  32^  south-east, 
the  Lower  Eeuper  Sandstone  crops  out  near  the  Police  Station, 
so  that  there  must  exist  between  the  two  places  a  considerable 
fault  to  which  may  be  due  the  disturbed  appearance  of  the  Marls. 

It  is  the  intention  of  Mr.  Peters,  the  managing  director  of  the 
Company,  to  ultimately  dear  out  the  whole  of  the  Boulder-day 
to  the  fdl  depth  over  most  of  the  area.  It  was  in  this  Boulder-day 
tliat  the  celebrated  ''  Gypsum  Boulder  of  Great  Crosby,"  weighing' 
18  tons,  now  erected  in  the  village,  was  discovered  at  a  depth  of 
about  20  feet  from  the  surface.' 

1  Dec.  Ill,  Vol.  I,  pp.  445-7.    See  also  QJ.G.S.,  1886,  toI.  xli,  p.  464. 
*  See  "The  Gypsum  Boulder  of  Great  Croeby":  Proo.  liyeipool  Geol.  Soc., 
8e«.  1898-99,  pp.  347-366. 
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Moorbeyy  the  only  other  locality  where  the  Reaper  Marls  have 
been  proved,  is  aboat  7  furlongs  to  the  sonth-east  of  the  Crosby 
Brickworks,  and  the  Lower  Eeoper  Sandstone  of  the  village 
intervenes.  The  Marls  at  Moorhey,  I  should  say,  are  somewhat 
lower  down  in  the  series  than  those  just  described.  If  the  whole 
area  of  the  pit  is  bottomed  many  interesting  facts  may  come  to  light 


2Toa?iCBis  o^  Tvrinivroi:RS. 


L — Lb  Dossier  Htdbologiqub  du  r^me  aquifdre  en  terrains 
oalcaires,  et  le  rdle  de  la  G6ologie  dans  les  recherches  et  6tudes  des 
travaux  d'eaux  alimentaires.  (Bull.  Soa  Beige  g6oL,  1901,  x,  pt  5.) — 
In  a  paper  of  some  180  pages  Mr.  Van  den  Broeck  replies  to  the 
note  of  Mr.  Thomas  Yerstraeten  entitled  "  Hydrologie  des  roches, 
necessity  de  pr^ciser  les  situations  et  les  termes."    The  bulk  of  the 

Eaper  is  of  a  controversial  nature,  but  Mr.  Van  den  Broeck  has 
rought  together  a  great  deal  of  valuable  matter  relative  to  the 
subject.  With  a  courteous  consideration  for  his  readers  the  author 
has  provided  a  detailed  table  of  contents,  which  occupies  12  pages,  and 
ftx>m  this  we  gather  that  the  paper  deals  with  the  following  items : — 
Hydrology  of  the  Carboniferous  rocks ;  Hydrology  of  the  Chalk ; 
of  the  district  round  Hao-Bochefort,  of  Bocq  and  Hoyoux,  and  of 
Bemouchamps ;  the  r61e  of  geology  in  the  search  for  water  and  in 
the  application  of  hydrology,  especially  in  the  study  of  the 
aquiferous  resources  of  the  Carboniferous  ^ystom ;  Hydrology  of 
Condroz,  and  of  the  horizontal  beds  of  Toumai.  The  author 
concludes  his  paper  by  saying  that  it  is  thanks  to  the  progress 
of  (Geology  and  Speladology  that  these  practical  questions  of  implied 
hydrology  can  be  easily  solved  to  the  great  benefit  of  human 
populations. 

n. — Mabtland  Geolooioal  Subvet:  Eocene.  (Baltimore,  1901, 
pp.  332,  64  plates,  map.)— The  Eocene  deposits  of  the  State  of 
Maryland  are  described  in  this  volume  by  William  Bullock  dark 
and  George  Curtis  Martin.  The  description  is  prefaced  with  an 
excellent  map  and  a  bibliography.  The  deposits  are  divided  into 
two  formations,  the  Nanjemoy  above  and  the  Aquia  below.  Both 
are  rich  in  fossils,  full  lists  of  which  are  given.  The  systematic, 
palsBontology  begins  on  p.  93,  and  is  treated  of  by  various  specialists. 
The  Yertebrata  are  few  in  number  and  consist  of  four  crocodiles 
and  two  tortoises,  beside  the  usual  tertiary  rays  and  sharks;  there 
are  also  remains  of  Xipkias  and  PhyUodui.  llie  Crustacea  include 
some  interesting  Ostraoods  described  by  Ulrich.  The  Foraminifera» 
of  the  usual  Eocene  types,  are  described  by  R  M.  Bagg,  who  is  doing 
oarefdl  work  on  these  Protozoa,  in  an  area  where  they  have  been  for 
some  reason  much  neglected.  The  MoUusca  by  Clark  and  Martin, 
the  Ccslenterata  by  Yaughan,  and  the  Bryozoa  by  Ulrich  are  all  well 
illustrated,  and  will  be  of  great  use  for  comparison.  Two  small 
CarpoUihi  are  described  and  figured  by  Arthur  HoUiok. 
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III— Ths  Huntbrian  Oration,  Fsbbuabt  14,  1901.  By  N.  0« 
Haonamara,  F.R.O.S.  8vo.  London,  1901. — ^Thie  Oration,  to  whioh 
no  title  is  given,  seems  to  deal  with  the  labours  of  Hunter  and 
others  on  the  subject  of  oraniology  and  the  light  which  it  is  capable 
of  throwing  on  Uie  prehistoric  inhabitants  of  Western  Europe,  and 
of  the  evolution  of  the  race  of  men  to  which  we  belong.  Mr. 
Ifaonamara  points  out  that  the  inhabitants  of  Western  Europe  in 
the  later  Tertiary  and  early  Quaternary  period,  as  regards  the 
ossification  and  form,  especially  of  the  frontal  region,  of  their 
skulls,  more  closely  resembled  that  of  the  chimpanzee  than  the 
race  of  men  now  inhabiting  Europe.  Our  search  for  knowledge 
is  still  hampered  by  the  limited  supply  of  the  remains  of  man,  but 
a  good  deal  of  general  evidence  has  been  obtained  from  the  stone 
implements  so  common  when  properly  searched  for.  Mr.  Maonamara 
believes  that  the  evidence  collected  proves  the  existence  of  man  in 
Tertiary  times.  With  regard  to  the  skull  of  Pitheeanthropm,  he 
concurs  with  the  conclusion  arrived  at  by  Professor  Schwalbe,  that 
taking  both  its  form  and  capacity  into  consideration,  "  it  is  on  the 
border  line  between  that  of  man  and  anthropoid  apes  *' ;  it  is  more 
nearly  allied  to  the  skulls  of  the  Neanderthal  group  of  men  than  it 
is  to  the  crania  of  the  higher  apes  ;  but  it  is  much  nearer  in 
anatomical  characters  to  the  skull  of  the  chimpanzee  than  it  is  to 
the  cranium  of  the  average  adult  European  of  the  present  day.  The 
fact  that  the  inferior  gyri  of  the  frontal  lobes  of  the  brain  are  well 
marked,  and  that  the  superficies  of  this  convolution  of  the  brain  is 
double  that  possessed  by  the  largest  known  anthropoid  ape,  suggests 
that  the  Java  man  had  in  some  slight  degree  the  faculty  of  speech, 
and  that  his  intellectual  capacity  was  higher  than  that  of  any 
anthropoid  ape  we  are  acquainted  with. 

Mr.  Maonamara  also  points  out  that  it  should  be  clearly  understood 
that  up  to  the  present  no  bona  fide  human  remains  belonging  to  the 
early  PalsBolitio  period  have  been  discovered  in  Western  Europe 
which  are  not  of  the  same  type  as  those  of  the  Neanderthal  group  of 
men,  whose  fore  and  hind  limbs  indicate  that  they  were  a  short  ape- 
like and  powerful  race  of  beings  whose  average  stature  did  not 
exceed  five  feet  The  skulls  of  men  found  in  geological  formations 
of  the  Post-Olacial  period  have  the  same  physical  type  as  those  of  the 
strictly  early  Palasolithic  epoch  of  Western  Europe,  but  with  increased 
brain  capacity.  These  skulls,  in  the  opinion  of  the  author,  indicate 
a  gradual  transition  in  form  from  the  ape-like  characters  of  the 
previous  period  to  a  higher  standard,  and  certainly  to  a  much 
rreater  skull  capacity,  especially  in  the  frontal  region.  Mr. 
Maonamara  remarks  on  the  fact  that  in  the  recent  elections  held 
in  this  oonntry,  when  the  question  at  issue  was  one  in  whioh  the 
whole  of  the  people  of  Great  Britain  were  deeply  interested,  a  large 
proportion  of  the  inhabitants  of  England  ana  Sootland,  mainly  of 
Anglo-Saxon  origin,  voted  together  on  the  subject ;  whereas 
a  contrary  opinion  r^arding  the  same  question  was  held  by  the 
greater  proportion  of  the  people  of  Ireland,  and  to  a  large  extent 
by  the  Welsh,  most  of  whom  are  derived  from  Ibero-Mongolian 


Digitized  by  VjOOQ IC 


420  Notices  ofMemoin. 

anoeetors.  It  is  diffioalt,  he  says,  to  aoooant  for  this  diversity  io 
the  sentiments  of  the  people,  unless  we  consider  it  due  to  Uieir 
racial  mental  qualities. 

The  Oration  is  illustrated  with  an  excellent  chart  of  skulls 
belonging  to  the  Palsdolithic,  Neolithic,  Bronze,  and  existing  races 
of  men, 

ly,  —  GxOLOaiGAL  LlTKRATUBB  ADDED  TO  THS  GSOLOOIOAL 
800IBTT*S  LiBBABT  DUBINO  THB  TeAB   BNDKD  DeOBMBEB  31,  1900. 

(London,  Oeologioal  Society,  price  2$,) — ^This,  the  seventh  annual 
record  of  publications  received  by  the  Society,  contains  12  pages  of 
titles  of  serials  and  academies,  of  which  parts  have  been  added  to 
the  library  during  the  past  year;  109  pages  of  tiUes  of  papers 
published  in  those  parts  and  other  separate  publications  received ; 
and  80  pages  of  treble-entry,  doable-column  index,  analytic  of  the 
titles  recorded.  The  work,  which  is  compiled  by  the  librarian, 
Mr.  Bapert  Jones,  and  edited  by  the  Secretary,  Mr.  Belinfante, 
deserves  to  be  more  widely  known  than  to  the  Fellows  themselves, 
especially  as  it  is  published  at  so  cheap  a  rate.  It  provides  the  best 
general  annual  list  of  geological  literature,  the  index  being  of 
especial  value,  and  might  be  made  a  really  first-class  record,  if  the 
Society  would  spend  a  little  more  money  upon  it  and  include  all 
publications  of  a  geological  nature  whether  received  by  the  Society 
or  not.  This  system  of  recording — an  alphabetical  Hst,  properly 
indexed — is  far  and  away  the  most  convenient  form,  and  its  handy 
size  can  be  favourably  contrasted  with  those  clumsy  quartos  which 
are  the  bugbear  of  the  ordinary  man's  library. 

V. — BuLiMiNiB  AND  Gassidulinji. — No  morc  useful  work  is  done 
than  that  of  monographing  particular  groups.  Carlo  Fomasini, 
most  active  of  the  students  of  the  Foraminifera,  has  just  published 
a  paper  on  the  Italian  forms  of  these  genera  (Boll.  Soa  GeoL 
Ital.,  xx),  which  he  divides  into  75  species.  He  has  also  published 
a  paper  on  the  Adriatic  forms  of  the  genas  Bvlimina  (Mem.  Ac.  Sci« 
Ist,  Bologna,  ix).  Taking  the  two  papers  together  they  form 
a  valuable  contribution  to  the  subject,  one  of  the  most  interesting 
points  being  the  publication  of  some  of  d'Orbigny's  original  drawings 
of  the  species  founded  by  him  in  1826,  and  which  have  since  re- 
mained difficult  of  absolute  identification.  Fomasini  has  put  a  note 
in  the  Biv.  Ital.  Paleont.,  vii,  on  the  dates  of  0.  G.  Costa's  works  on 
the  Foraminifera,  dates  unknown  to  Sherbom  when  he  published 
his  Bibliography  in  1888. 

yi. — Otheb  Fobaminifebal  Pubuoations  to  which  the  attention 
of  the  student  may  be  profitably  directed  are :  Brown's  list  and  digest 
of  the  papers  published  during  1899  (Zool.  Beoord) ;  Chapman's 
Foraminifera  from  the  Lagoon  at  Funafuti  (J.  Linn.  Soa  Zool., 
xxviii),  which  gives  us  for  the  first  time  a  correct  account  of  the 
distribution  of  these  organisms  across  a  lagoon,  from  side  to  side  of 
the  reef;  Adalbert  Liebus'  Foraminiferenfauna  des  Bryozoenhori- 
zontes  von  Priabona  (N.  Jahrb.,  i,  1901) ;  and  Silvestri's  Nodosarine 
del  Neogene  Italiano  (Atti  Aa  Pont  N.  Lincei,  liv). 
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VII. — DisTBiBUTiOM  OF  Vbrtbbratb  Animals  IN  India,  Cbylom, 
AMD  BuBMAH. — Dr.  Blanford,  writing  in  the  Proo.  Eoj.  Soo.,  Ixvii, 
considers  that  whilst  it  is  quite  possible  that  other  explanations  may 
be  fonnd,  it  is  evident  that  the  peooliarities  of  the  Indian  fauna  may 
have  been  due  to  the  Glaoial  epoch.  During  the  coldest  portion  of  > 
the  Glacial  epoch  a  large  part  of  the  higher  mountains  must  have 
been  covered  by  snow  and  ice,  and  the  tropical  Oriental  fauna  which 
occupied  the  Himalayas,  and  which  may  have  resembled  that  of  the 
Indian  Peninsula  more  than  is  the  case  at  present,  must  have  been 
driven  to  the  base  of  the  mountains  or  exterminated.  When  the 
country  became  warmer,  the  Transgangetic  fauna  appears  to  have 
poured  into  the  Himalayas  from  the  eastward.  Dr.  Blanford,  after 
discussing  the  whole  matter,  says  the  theory  is  only  put  forward  as 
a  possible  explanation  of  some  remarkable  features  in  the  distribution 
of  Indian  vertebrates.  At  the  same  time  it  does  not  serve  to  account 
for  several  anomalies  of  which  some  solution  is  necessary.  If  thus 
accepted,  it  will  add  to  the  evidence,  now  considerable,  in  favour  of 
the  Glacial  epoch  having  affected  the  whole  world,  and  not  having 
been  a  partial  phenomenon  induced  by  special  conditions,  such  as 
local  elevation. 

yilL — SPHiBBiOAL  OoNORBTiOMS  OF  Gbaphitb. — The  sphsdrical 
concretions  of  graphite  in  the  Granite  of  the  Ilmenj  were  first 
noticed  by  Anerbach  in  1856,  and  afterwards  described  by  Bose  in 
1872.  Messrs.  Yemadsky  aod  Schklarevsky  now  show  (Bull.  Soa 
Imp.  Nat.  Moscou,  1900,  No.  3)  that  the  inclusions  in  these  con* 
oretions  consist  of  crystals  of  the  minerals  characteristic  of  the 
Granite— orthoclase,  muscovite,  biotite,  and  quartz.  The  result  of 
their  investigations  also  show  that  this  form  of  graphite  cannot  have 
had  a  pseudomorphic  origin,  as  considered  by  Rose,  but  ought  to  be 
considered  as  a  concretion  in  a  granitic  magma,  analogous  to  other 
oases  of  large  sphsdroidal  inclusions  in  granite. 

IX.— GuoLOGT  OF  Scotland. — The  Geological  Society  of  Glasgow 
has  recently  distributed  vol.  xi,  pt  2,  of  their  Transactions  for 
1897-99,  but  has  dated  it  1900.  We  had  hoped  that  this 
reprehensible  practice  had  been  discontinued  in  this  countiy,  and 
hope  that  on  the  next  occasion  the  Society  issues  publications  it  will 
date  them  accurately.  There  is  a  great  deal  of  interesting  matter, 
of  which  the  following  is  the  chief.  The  late  Dr.  Heddle's  paper 
on  the  structure  of  Agates  occupies  twenty  pages,  and  is  well 
illustrated ;  it  may  be  termed  a  systematic  treatment  of  the  subject* 
Each  form  is  described  in  detail,  and  the  whole  are  grouped  in 
a  convenient  arrangement  according  to  structure.  William  Gunn 
gives  a  detailed  description  of  the  old  volcanic  rocks  of  Arran,  with 
notes  on  the  sedimentary  rocks  associated  with  them,  and  an 
account  of  the  fanned  of  those  beds.  Bobert  Craig  writes  of  the 
OreenhiU  quarries,  Eilmaurs,  Ayrshire,  now  closed,  and  gives  an 
historical  sketch  of  the  various  discoveries  made  in  them.  Peter 
Macnair  treats  of  the  physical  geology  and  palaeontology  of  the 
Oi&ock  sandstones,  and  their  l^arings  on  the  origin  of  sandstone 
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rook  generally.  This  is  illustrated.  He  refutes  the  view  that  they 
were  of  fresh-water  origin,  and  supposes  that  the  contained  organio 
remains  have  been  destroyed,  with  the  exception  of  the  annelid 
barrows,  whioh  he  points  out  are  invariably  the  last  things  to 
disappear  from  percolated  sandstones.  John  Smith  has  a  paper  on 
tiie  Barite  veins  of  south-west  Scotland,  which  mineral  he  regards 
as  probably  an  exfiltration  product,  leached  out  of  the  rocks  by 
water,  and  afterwards  re-deposited  by  the  same  agent  in  the  veins, 
but  he  cannot  yet  say  which  of  the  rocks  it  was  originally  derived 
from.  The  same  writer  has  a  note  on  the  '  China-clay '  mine  and 
the  Water-of-Ayr  stone  bed  at  Troon,  and  gives  some  details  of 
localities  for  radiolarian  cherts  in  Scotland.  Two  other  papers  from 
his  pen  are  ''  The  Permian  outlier  of  the  Snar  Valley,  Lanarkshire '' 
and  "Spango  Granite,"  the  boulders  of  which  latter  he  considers 
were  weathered  into  shape  and  ready  for  transport  long  before  the 
Olacial  Epoch.  The  other  original  papers,  which  are  all  in  abstract 
only,  are:  Goodchild,  the  Dolerite  of  Aberdonr;  Macnair,  the 
problem  of  the  marginal  Highlands  ;  Smith,  detached  microliths 
from  the  Pitchstone  Sill  at  Oorriegills  (in  full,  with  a  plate)  ; 
Ballantyne,  a  Bute  post  -  Glacial  shell  -  bed  ;  Oowie,  Glacial 
phenomena  of  Loch  Banza  Glen,  Arran ;  and  Home,  the  Silurian 
Volcanic  rocks  of  the  southern  uplands  of  Scotland. 

X. — Geology  in  Norfolk. — There  are  only  two  papers  on 
Norfolk  Geology  in  the  Transactions  of  the  Norfolk  and  Norwich 
Naturalists'  Society,  vol.  vii,  pt.  2, 1901.  The  first,  by  P.  D.  Longe, 
is  on  the  formation  of  flints  in  chalk.  The  second,  by  Professor 
Newton,  records  the  occurrence  of  bones  of  the  common  Orane,  from 
peat,  obtained  so  long  ago  as  1867-69,  while  excavating  the 
Alexandra  Dock  at  Kings  Lynn.  These  bones  show  a  remarkable 
variation  in  size  of  the  tibiao.  In  the  course  of  his  examination  of 
the  Woodwardian  Museum  collections  for  purposes  of  comparison. 
Professor  Newton  found  a  right  tarso-metatarsus  of  the  Pelican, 
whioh  further  confirms  his  own  and  Dr.  0.  W.  Andrews'  statement 
that  the  Pelican  was  once  a  native  of  the  Fens  in  this  country. 

XL — Tarn  Geolooioal  Distbibution  of  Extinot  British  Nov- 
Mabine  Mollusoa. — B.  Bnllen  Newton  contributes  a  valuable 
paper  on  this  subject  to  the  Journal  of  Oonchology.  He  shows  at 
a  glance  the  geological  range  of  every  recorded  species  of  terrestrial 
and  fluviatile  shells,  excluding  only  those  with  manuscript  names,  or 
any  forms  insufficiently  described,  from  the  strata  of  the  British 
Islands.  In  his  list,  as  no  synonymy  is  attempted,  he  has  introduced 
the  original  generic  name  under  which  the  shell  was  described,  and 
gives  a  bibliography  of  the  subject.  From  a  note  appended  to  his 
paper,  we  learn  that  this  list  was  lent  to  another  person  for 
mcorporation  in  a  recent  publication,  but  on  reference  to  that 
publication  we  find  that  Mr.  Newton's  generosity  has  been  studiously 
ignored  by  the  author  in  his  preface,  though  the  list  has  apparently 
been  extensively  used. 
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XII. — QxoLOOT  OF  AusTBo-HuKGABT.  —  Part  iti  of  the  new 
geologioal  map  of  the  Auatro-Hungarian  monarchy  has  jnst 
appeared.  It  oontains  two  maps,  those  of  the  Oherdranberg- 
Mauthen  and  the  Eistanje-Dernis  districts,  with  their  accompanying 
descriptive  pamphlets  by  Geyer  and  v.  Eerner.  In  these  pamphlets 
a  fall  bibliography  precedes  the  descriptive  text. 

Xin. — ^Laccoliths  of  Montana. — Messrs.  Weed  and  Pirsson  deal 
with  the  geology  of  the  Shonkin  Sag  and  Palisade  Butte  Laccoliths 
in  the  Highwood  Mountains  of  Montana  in  the  American  Journal  of 
Science  for  July,  1901.  These  laccoliths  occur  in  Cretaceous  beds, 
and  show  a  central  mass  of  syenite,  surrounded  by  transition  rock, 
which  is  in  its  turn  surrounded  by  shonkinite,  the  whole  having 
a  rind  of  leuoite  bs^t  porphyry.  The  authors  say  that  these  three 
laccoliths  form  a  transitional  group ;  the  Shonkin  Sag  is  the  flattest, 
and  also  the  lowest,  and  therefore  the  one  most  protected  from  erosion. 
Its  top,  in  fact,  is  just  beginning  to  emerge,  and  from  its  laccolitio 
character  would  not  be  so  evident  if  it  were  not  for  the  trenching 
in  it  by  the  former  river  action  which  has  given  such  good  cross 
sections.  Square  Butte  stands  much  higher  and  has  been  exposed 
to  much  greater  denudation ;  its  cover,  save  in  small  areas  around 
the  base,  has  been  stripped  off,  and  a  considerable  part  of  the 
igneous  rock  removed.  Palisade  Butte,  standing  at  the  same  level 
as  Square  Butte,  has  suffered  from  the  same  amount  of  erosive 
agencies,  but  being  smaller  in  size  the  relative  effect  has  been 
greater  and  the  cover  has  entirely  disappeared,  as  well  as  a  large 
part  of  the  laccolith,  so  that  around  it  the  floor  is  exposed  and  only 
the  central  portion  of  the  mass  remains.  From  their  observations 
the  authors  have  been  enabled  to  provide  us  with  an  excellent 
account  of  these  interesting  structures,  which  they  have  illustrated 
in  a  dear  and  exact  manner. 

XIY. — BiTUMSN  IN  Cuba. — S.  F.  Peckham  shows  in  the  same 
Journal  that  extensive  deposits  of  solid  asphaltum  exist  near  the 
north  coast  of  Cuba,  while  springs  and  wells  give  indications  of  the 
existence  of  liquid  bitumens  of  varying  density  beneath  the  surface, 
over  an  area  of  some  4,500  square  miles.  He  is,  however,  doubtful 
if,  in  view  of  the  enormous  production  which  recent  developments 
in  Texas  and  Indiana  promise,  that  there  is  at  present  any 
encouragement  for  even  experimental  drilling  in  Cuba. 

XY.— Gkoloqt  of  London. — As  President  of  the  Geologists' 
Association  of  London,  Mr.  Whitaker  in  his  annual  address  to  that 
energetic  body  dealt  with  a  subject  which  he  has  made  peculiarly 
his  own.  The  result  is  a  valuable  summary  of  the  papers  which 
have  been  written  on  London  Geology  (to  the  base  of  the  Drift) 
since  1888.  No  less  than  fifty-nine  papers  are  summarized,  and 
thus  rendered  easily  accessible  to  general  readers.  Mr.  Whitaker 
regrets  that  tendency  to  over-division  of  the  beds  of  the  Drift  so 
bewildering,  as  he  says,  to  *'  simple-minded  people  like  himself." 
He  has  also  some  pertinent  remarks  on  gravels  and  their  ages. 
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XYI. — Shobtib  NonoBS. — A  Gtoologioal  Hap  and  Beport  on 
the  Tarooola  Distriot,  by  H.  T.  L.  Brown,  has  jast  reaohed  as.  It 
is  part  of  the  Beoords  of  the  Mines  of  South  Australia,  and  deals 
mainly  with  gold  supply. 

Thb  Oamegie  Museum  at  Pittsburgh,  which  was  opened  in  1895, 
is  described  in  the  Popular  Science  Monthly  for  May,  1901,  br 
Dr.  J.  W.  Holland,  the  Director.  Professor  Hatcher  is  making  full 
use  of  Mr.  Carnegie's  special  fund  for  research  in  palssontology,  and 
it  is  interesting  to  read  that  the  most  perfect  specimen  of  Di^Lodocfu 
languB,  six  imperfect  skeletons  of  Broniosawrui,  and  the  largest 
known  Mastodon  are  in  the  Museum. 

Mb.  J.  0.  Mamsbl-Plbtdbll  has  published  in  the  Proceedings 
of  the  Dorset  Field  Olub  for  1900  a  paper  on  the  Influence  of 
Climatic  and  Geological  Changes  upon  the  British  Flora.  His 
annual  address  for  1900  dealt  with  the  geological  history  of  Pisces. 
That  for  1901,  still  to  be  published,  dealt  with  the  geological  history 
of  the  Amphibia  and  Beptilia. 
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A  SUGGESTED  LINK  IN  THE  'BREAK*  BETWEEN  PALEOLITHIC 
AND  NEOLITHIC  MAN. 

Sib, — In  the  very  interesting  paper  by  Sir  Henry  Howorth  in  the 
August  number  of  your  Magazine,  we  And  that  to  him  the  great 
gap  between  Palteolithic  and  Neolithic  Man  means  a  great 
catastrophe.  In  the  present  attitude  of  geological  opinion,  such 
a  statement  appears  somewhat  startling.  But  if  we  restrict  the 
meaning  of  the  word  '  catastrophe,'  as  used  by  Sir  Henry,  to  the 
occurrence  in  ancient  times  of  climatic  and  physical  changes  of 
similar  nature  to  those  taking  place  around  us  at  the  present  day, 
though  of  very  much  greater  intensity,  probably  no  geologist  is  now 
so  rigidly  uniformitarian  in  his  views  as  to  refuse  to  accept  it 

The  facts  before  us  are  these: — During  some  portion  of  the 
Pleistocene  Period,  probably  owing  to  the  co-operation  of  astro- 
nomical and  geographical  causes,  climatic  and  physical  changes,  of 
an  intensity  which  it  is  difficult  for  us  to  realize,  were  brought  about 
One  of  the  results  of  these  changes  was  the  distribution  of  the 
Drift  There  can  be  little  doubt  that  when  this  took  place  maa 
had  already  made  his  appearance  upon  earth.  Indeed,  Sir  Henry  is 
satisfied  with  such  evidence  as  we  possess  that  his  existence  dates 
back  even  into  the  previous  Pliocene  Period.  However  that  may 
be,  and  whether  we  hold  that  earliest  man  was  Eolithic  or 
Fal89olithic  all  physical  traces  of  him  disappear,  with  the  ezoeption 
of  his  imperishable  flint  implements  and  a  few  doubtful  bones ;  and 
when  he  next  appears  on  the  scene,  he  has  undergone  the  very 
considerable  advance  in  development  indicated  by  his  entrance  on 
the  Neolithic  stage.  Sir  Henry  holds  that  the  great  gap  between 
Paheolithic  and  Neolithic  man  is  coincident  and  in  all  probabiUty 
connected  with  the  distribution  of  the  Drift. 
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However  oatastrophio  in  its  oocarrenoe  the  distribation  of  the 
Drift  may  have  been,  it  is  obvious  that  the  progress  made  by  man 
in  his  passage  from  the  Pakdothic  to  the  Neolithic  stage  was  not 
oharaoterised  by  that  suddenness  whioh  is  ordinarily  associated  with 
the  term.  Of  the  history  of  that  progress,  of  the  place  of  man's 
abode  daring  it,  we  know  nothing.    There  is  a  true  'gap'  or  'break.' 

In  geology  and  arohasology  these  two  words  simply  imply  that 
onr  knowledge  as  to  the  periods  of  time  concerned  is  imperfect,  and 
we  always  expect  to  find  certain  of  the  missing  links  of  the  chain 
of  evidence  come  to  light,  which  they  sometimes  do  in  unexpected 
places. 

Is  there  any  link  to  be  found,  however  remote,  to  help  to  bridge 
over  that  extraordinary  gap  between  Palsdolithic  man  and  his 
Neolithic  successors  ?  I  believe  there  is  one,  and  that  it  is  to  be 
found  in  the  almost  universal  tradition  of  a  'deluge' — a  tradition 
which  appears  to  me  to  have  been  handed  down  from  our  Palsoolithio 
ancestors  through  the  Neolithic,  Bronze,  and  Iron  ages  of  their 
successors,  and  to  have  reached  us  as  a  dim  and  misty  conception  of 
their  ideas  of  the— let  us  call  it  very  bad  weather— of  the  Pleistocene 
Period.  That  the  story  as  conveyed  to  us  from  Asiatic  sources  is 
very  different  from  that  written  on  the  page  of  the  rocks  in  Northern 
Europe,  is  not  surprising.  All  tradition  undergoes  a  process  of 
corruption  as  it  is  handed  down  from  age  to  age,  and  the  particular 
form  in  which  the  deluge  tradition  has  reached  us  is  obviously  no 
exception  to  the  rule.  Unfortunately,  when  such  a  theory  is 
advanced,  it  is  usually  seized  upon  as  a  confirmation  of  the 
miraculous  inspiration  of  Scripture.     It  is  no  such  thing. 

I  cannot  claim  originality  for  the  theory,  because  I  find  in 
Mr.  Tiddeman's  ''Work  and  Problems  of  the  Yiotoria  Gave  Ex- 
ploration," 1875,  the  following  passage : — "  As  similar  evidences  of 
a  submei^nce  late  in  the  glacial  period  have  been  observed  over 
large  areas  in  the  Old  and  the  New  World,  and  in  both  hemispheres, 
in  mean  latitudes,  it  may  be  that  the  traditions  so  common  to  many 
races  and  religions  of  a  great  deluge  are  but  lingering  memories  of 
this  great  event  It  matters  not  that  these  myths  all  differ  in  their 
surroundings.  The  central  core  still  has  the  solid  ring  of  truth, 
albeit  masked  and  disfigured  by  the  rust  of  time." 

I  venture  to  suggest  that  the  theory  that  the  deluge  tradition 
is  the  one  and  only  link  which  bridges  over  the  gap  between 
Pal89olithic  man  and  ourselves,  his  descendants,  is  one  which  is 
worthy  of  more  attention  than  it  has  hitherto  received. 

J.  Adam  Watson. 
-"  Hat  Tor,'*  BBmrtNoroir  Pabk  Boad,  Hampstbad. 
Atipuit  18,  1901. 


EOLITHIC  MAN. 
Sib, — ^It  is  remarkable  that  in  a  quasi-geological  paper  by  a  well- 
known   writer  should  have  been    allowed  to  pass  current  such 
a  statement  as  that  at  p.  340  (6bol.  Mao.,  August  issue),  to  the 
effect  that  "  Huxley  caused  McEnery's  now  famous  memoir  to  be 
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looked  np  at  the  Boyal  Sooiety  for  years  after  his  death."  The 
Bev.  MoEnery's  reports  on  Rents  Cavern  were  finished  about  1B26, 
and  Professor  Hazley  having  been  bom  in  1825  most  have  been 
always  under  age  and  without  inflnenoe  in  the  Boyal  Society  whilst 
MoEnery's  paper  was  supposed  to  be  ''lost,"  but  really  kept 
in  the  background  by  influence  of  the  Bev.  Dean  Buokland,  who 
ascribed  the  occurrence  of  anything  like  human  implements  to 
burials  of  late  date,  as  I  myself  have  heard  him  affirm  at  a  meeting 
of  the  (Geological  Society. 

The  reference  to  Professor  Huxley  in  the  paper  alluded  to  above 
is  probably  only  one  of  the  evidences  of  the  hasty  character  of 
the  paper;  but  at  first  sight  it  appears,  not  only  uncalled  for,  but 
unkind. 

Some  of  his  friends,  like  the  writer  of  this  critique,  will  regret 
Sir  H.  Howorth's  inability  to  recognize  the  actual  classification  of 
eoliths  as  practically  established  by  Prestwich,  and  illustrated  in 
his  own  and  B.  Harrison's  collections,  as  well  as  in  the  Museum 
of  the  Geological  Survey,  Boyal  College  of  Science,  the  British 
Museum  (Natural  History  Branch),  and  elsewhere.  Also,  it  is 
lamentable  that  he  cannot  appreciate  Prestwich's  lucid  explanation 
of  the  geological  history  and  settlement  of  the  eolithic  gravel  of  the 
Chalk  Downs,  as  reproduced  in  Mr.  Bullen's  pamphlet,  to  which  he 
alludes  as  having  read. 

To  other  shortcomings  we  need  not  refer ;  it  is  a  pity  that  there 
should  be  any,  for  the  author  is  doubtless  an  industrious  gatherer 
of  facts  and  notions,  evidently  so  when  he  seems  to  have  searched 
one  set  of  about  twenty  volumes,  '*  1829-50  "  (1),  for  the  history  of 
Ami  Bou6's  discovery  of  bones  near  the  Lahr  (p.  339). 

T.   BUPSBT  JONBS. 


EOLITHIC    IMPLEBiENTS. 

Sib, — Sir  H.  H.  Howorth,  F.B.S.,  has  done  me  the  honour  of 
mentioning  in  the  Gbolooioal  Maoazinb  for  August  my  little 
paper  on  the  above  subject. 

Like  Balaam,  having  set  himself  to  curse  Israel,  he  has  instead 
blessed  them  altogether.  On  p.  342  he  says  (assuming  their  identity 
with  paladoliths),  ''  Such  remains  are  claimed  to  have  been  found 
at  that  horizon  [the  Forest  Bed]  in  Norfolk  by  Mr.  Abbott  and 
Mr.  Savin,  in  Dorsetshire  by  Dr.  Blackmore,  and  they  have  been 
also  reported  from  the  same  horizson  at  St.  Brest  in  France  and 
in  the  Yal  d'Amo,  north  of  Italy,  in  each  case  the  remains  of 
human  workmanship  being  accompanied  by  those  of  E,  meridianalis. 
I  believe  these  finds  are  quite  genuine.*'  (Italics  mine.)  The  im- 
plements referred  to  as  Dr.  Blaokmore's,  pi.  iii  in  my  paper,  have, 
as  a  matter  of  fact,  an  eolithic  fades,  and  Sir  H.  U.  Howorth's 
admission  concedes  all  that  for  which  Sir  Joseph  Prestwich's  followers 
contend.     "  I  thank  thee,  Boderick,  for  that  word  I" 

Sir  Henry  mentions  five  men  as  upholding  eoliths,  including  their 
original  discoverer,  Mr.  Benjamin  Harrison,  and  that  paladin  of 
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geologists,  Sir  Joseph  Prestwioh,  who  first  employed  his  vast 
geological  learning  in  their  defenoe;  but  the  list  may  be  largely 
extended,  especially  among  the  rising  generation  of  geologists  and 
anthropologists,  not  omitting,  of  coarse.  Professor  Eapert  Jones  and 
the  late  acnte  and  careful  observer  Dr.  -H.  Hicks. 

Let  the  following  extract  from  M.  A.  Butot's  letter  serve  as 
a  sample  of  the  enoouraging  letters  received  since  my  paper  has 
been  issued.  He  says :  ''  En  Belgique,  11  n'y  a  pas  beaucoup  d  com- 
battre  pour  faire  admettre  les  eolithes  oomme  industrie  humaine. 
Depuis  plus  de  15  ans,  nous  sommes  habitues  h  Tindustrie  Me- 
svinienne,  et  la  connaissanoe  de  oette  industrie  nous  a  facilite  la 
comprehension  des  industries  plus  primitives,  eutel-mesvinienne 
et  Beutelienne,  et  aussi  celle  des  eolithes  d'Angleterre  et  des  silex 

tertiaires Dans  la  question  des  eolithes  vons  pouve» 

dtre  certain  d'etre  vigonreusement  soutenu  en  Belgique." 

[<'  In  Belgium,  there  is  not  much  oppositaon  to  oYeroome  in  causing  eoliths  to  he 
SMepted  as  of  human  worknumship.  For  more  than  15  years  we  lutYe  heen  used 
to  the  work  of  the  MesYinian  penod  |l*indnstrie  MesTinienneJ,  and  our  aoqnaintanoe 
with  this  has  rendered  easier  the  understanding  of  more  pnmittYe  types  of  work- 
manship, e.g.,  i^utel-mesyinian  and  Reuteli^,  as  well  as  that  of  the  EngUsh 

eoliths  and  of  flints  of  the  Tertiary  period  [des  silex  tertiares] 

With  regard  to  the  question  of  the  eoliths  you  can  he  sure  of  Tigorous  support  in 
Belgium."] 

The  time  is  i^proaohing  when  there  will  be  few  or  no  sceptics 
on  the  authenticity  of  eoliths,  and  I  thank  Sir  Henry  for  having, 
though  unconsciously,  ranged  himself  on  their  side.  By  the  way, 
**  W.  J.  Lewis,"  Qbol.  Mag.,  p.  342,  must  be  a  slip  for  W.  J. 
Lewis  Abbott,  F.Q.S.  The  late  ardent  collector  of  palsdoliths  waa 
Henry  Lewis.  B.  Ashinotom  Bullxn. 

"THE  BAELIEST  TRACES  OF  MAN." 
Sib, — In  this  article  the  author  (Sir  Henry  Howorth,  E.G.  I.E., 
F.RS.,  F.O.S.)  taxes  the  upholders  of  Eolithic  man  with  an 
insistence  on  their  views  both  ''in  season  and  out  of  season." 
This  charge  comes  rather  strangely  from  the  author  of  the  "  Glacial 
Nightmare,"  eta,  and  one  is  at  a  loss  to  see  either  the  force  or 
even  the  meaning  of  it  All  true  workers  in  any  science  should 
gladly  welcome  from  others  any  fresh  views,  even  if  they  do 
oonflict  with  previously  accepted  ones;  and  had  these  tended  ta 
strengthen  those  of  Sir  Henry,  they  no  doubt  would  have  been 
eagerly  aocepted  by  him,  and  would  always  have  been  in  season 
even  if  forced. 

Sir  Henry  admits  to  an  obstinacy  which  he  says  has  been  stiffened 
and  hk  scepticism  increased  by  those  so-called  Eoliths.  Now  we 
all  welcome  honest  scepticism,  but  surely  obstinacy  is  out  of  place, 
or  should  be,  in  the  truly  scientifio  mind.  Obstinacy,  too,  is 
morally  the  outcome  of  prejudice,  and  this  seems  to  be  the  case 
in  this  Eolithic  question. 

He  speaks  as  if  the  uses  of  all  the  Palaaolithic  implements  were 
well  hnoum — we  can  only  guess  at  most  of  them — and  expects  to  find 
in  the  Eoliths  forms  parallel  with  them,  and  hence  by  inference 
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a  raoe  of  men  of  similar  habits  and  modes  of  life,  and  becanse 
snch  is  not  the  case  dismisses  them  with  a  sarcasm.  All  hairy 
animals  do  scratch  a  gpreat  deal,  and  even  Job  scraped  himself,  and 
so  we  may  infer  thiett  scraping  with  a  kind  of  'scraper'  was 
common  in  his  by  no  means  very  early  period.  He  expects  man 
to  have  spmng  at  one  bound  over  the  vast  period  that  separates 
him  from  the  mere  animal  to  that  of  the  comparatively  highly 
specialized  being  he  was  in  the  PalsBolithic  period.  He  thus  ignores- 
the  fact  that  the  rudest  existing  savage,  who  lives  mostly  on  roots, 
and  so  needs  very  few  tools  of  any  kind,  was  far  surpassed  by 
Paladolithic  man,  the  hunter  of  the  Mammoth,  etc 

In  reference  to  the  implements  from  the  Forest  Bed  we  regard 
them  as  Eoliths,  and  even  Sir  John  Evans  would  hardly  class  them 
as  PaliBoliths.  Also  Eoliths  do  occur  with  the  Palsdoliths  both  on 
the  plateau  and  in  the  valley  gravels.  Again,  as  to  M.  Boucher 
de  Perthes,  an  exact  parallelism  exists  between  his  case  and  that 
of  Mr.  Harrison,  and  one  has  only  to  substitute  the  one  name 
for  the  other  in  Sir  Henry's  account;  yet  Sir  Henry  evidently 
cannot  see  the  identity  of  position;  one  wonders  much  if  he 
would  have  been  on  the  side  of  M.  Boucher  de  Perthes.  We 
maintain,  too,  that  Mr.  Harrison's  case  is  the  stronger,  as  he  has 
had  all  the  past  experience  of  others  to  aid  him,  coupled  with  the 
extensive  knowledge  he  has  gained  since.  Sir  Henry  speaks  of 
thousands  of  shapeless  stones  with  no  classification ;  let  him  caU 
and  see  Mr.  Harrison's  collection  with  an  open  mind.  Is  it  likely 
that  the  men  who  find  and  bring  these  stones  to  those  who  collect 
them — and  they  do  not  bring  them  by  cartloads — could  do  so  unless 
they  perceived  that  these  objects  had  a  distinctive  type  of  their  own. 

But  I  must  now  leave  Sir  Henry  to  those  whom  he  has  directly 
attacked  by  name ;  they  will  no  doubt  answer  him  in  greater  detail 
and  more  conclusively.  F.  D.  Bennett. 

JFetl  Mamng. 

THE  LATE  REV.  J.  McENERY. 

Sib, — ^Beferring  to  Sir  Henry  Howorth's  suggestion  that  Professor 
Huxley  was  instrumental  in  suppressing  McEnery's  Rents  Cavern 
evidence,^  it  is  important  to  bear  in  mind  that  MoEnery  died  in 
1841,  when  Huxley  was  16  years  of  age;  that  MoEnery's 
MSS.  were  left  in  an  incomplete  state  ;  that  they  are  in  the 
possession  of  the  Torquay  Natural  History  Society ;  and  that  they 
were  never  in  the  custody  of  the  Boyal  Society.  The  suppression 
of  the  Rents  Cavern  and  Brixham  Cave  evidence  is  a  very  long 
story,  and  one  long  subsequent  to  MoEnery's  death.  The  late 
Edward  Vivian,  in  1859,  in  his  "Cavern  Besearches"  published 
the  pith  of  MoEnery's  investigations,  and  subsequently  Pengelly 
published  MoEnery's  MSS.  in  their  entirety,  so  far  as  they  have 
been  preserved,  verbatim  et  literatim.  A.  B.  Hunt. 

Southwood,  Torquay, 
Augtut  10,  1901. 

^  Gbol.  Mao.,  AagUBt,  1901,  p.  340. 
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KECENT  DENUDATION  IN  NANT  FPRANCON. 

Sib, — When  examining  the  soene  of  the  flood  desoribed  in  this 
Magazine  last  February  I  coald  not  satisfy  myself  as  to  whether 
any  channels  had  previously  existed  at  the  same  plaoe.  My  friend 
Mr.  Dakyns  informed  me,  however,  that  destruction  of  culverts  is 
mentioned  in  a  description  of  the  damage  done  to  the  road.  It  is 
dear,  therefore,  that  former  channels  did  exist,  and  that  the  whole 
of  the  excavation  cannot  be  ascribed  to  the  flood  of  last  August. 
I  think,  though,  that  the  old  channels  must  have  been  small,  for  if 
deposition  be  a  measure  of  denudation,  the  recent  excavating  work 
done  must  have  been  very  great. 

I  should  like  to  take  this  opportunity  to  again  suggest  how 
valuable  some  regular  record  would  be  of  denudation  observed  at  the 
present  time.  Edwabd  Gbebnlet. 


OBITTJ^I^Tr- 


BARON    NILS    ADOLF    ERIK    NORDENSKIOLD, 

Pe.D.,  Fob.  Memb.  Gbol.  Soc.  Lond.,  Natubalist  and  Abotio 

explobxb. 

BOXN  NOTBMBBB  18,  1832.  DiBD  AuousT  13,   1901. 

With  deep  regret,  we  have  to  record  the  sudden  death  near 
Stockholm  of  Professor  Baron  Nordenskiold,  the  eminent  Naturalist 
and  Arctic  Explorer.  Of  a  Swedish  family  long  settled  in  Finland, 
Nordenskidld  was  bom  in  Helsingfors,  the  capital  of  that  country, 
his  father.  Dr.  Nils  Gustaf  Nordenskiold,  the  eminent  mineralogist, 
who  died  in  1866,^  being  at  that  time  Director  of  Mines  for  Finland. 
Naturally,  therefore,  his  ardent  sympathies  were  always  enlisted  in 
favour  of  the  land  of  his  birth. 

His  family  had  long  been  eminent  in  science,  and  his  inherent 
tastes  were  fostered  and  developed  by  the  surroundings  of  his  home 
at  Frug^d,  which  contained  extensive  collections  of  minerals  and 
natural  history  specimens,  and  by  his  journeys  with  his  father.  On 
entering  the  University  of  Helsingfors  in  1849  he  devoted  himself 
almost  entirely  to  scientific  studies,  spending  his  vacations  in 
excursions  to  the  rich  mineral  localities  of  Finland.  In  1855  he 
took  his  degree  as  licentiate,  and  was  immediately  appointed  a  mining 
official  of  the  Government  From  this  post,  however,  he  was 
4ismissed  in  the  same  year  for  having  indulged  in  pleasantries  at 
Uie  expense  of  the  Russian  Government  at  a  private  students'  feast. 
A  temporary  absence  being  deemed  advisable,  he  continued  his 
studies  at  Berlin,  but  in  1857  returned  to  take  his  doctor's  degree  at 
Helsingfors.  As  ill-luok  would  have  it,  however,  a  deputation  from 
the  Swedish  Universities  was  then  entertained  at  Helsingfors,  and  the 
young  doctor  in  an  after-dinner  speech  again  showed  his  sympathies 

1  See  Gbol.  Mao.,  1866,  Vol.  Ill,  p.  288. 
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too  plainly.  The  affair  might  have  been  smoothed  over,  but 
Nordenskiold  refused  to  apologise,  and  was  banished  the  country. 

As  may  be  supposed,  tiie  viking  philosopher  was  received  witli 
open  arms  by  the  Swedes,  and  after  little  more  than  a  year  was 
appointed  Professor  and  Keeper  of  the  Mineralogioal  oollections  at  tlw 
Yetenskaps-Akademi  in  saooession  to  Mosander.  Earlier  in  the  same 
year  (1858)  he  had  entered  on  his  Arctio  travels  by  aocompanying 
Torell  to  Spitzbergen,  and  in  1861  the  two  geologists  undertook 
a  more  complete  exploration  of  the  island.  Three  years  later 
Nordenskiold  headed  an  expedition,  which  mapped  the  southern 
part  of  Spitzbergen,  and  started  the  great  work  of  measuring  an 
arc  of  the  meridian  in  those  regions.  The  explorers  met  with  some 
shipwrecked  walrus  hunters,  however,  and  were  obliged  to  return, 
their  provisions  being  inadequate  to  maintain  so  large  an  addition 
to  the  party.  Nordenskiold  now  had  higher  ambitions,  but  money 
was  ladling,  and  turning  for  help  to  the  rich  merchants  of  Gk>thenburg 
he  initiated  the  long  alliance  with  Oskar  Dickson,  productive  of  so 
much  good  to  Arctio  exploration.  The  steamer  Sofia,  which  carried 
the  winter  post  to  Ootland,  was  obtained,  and  in  1868  Nordenskiold, 
with  the  present  cabinet  minister.  Baron  F.  W.  von  Otter,  as 
navigating  officer,  managed  to  attain  the  high  latitude  of  81  dcig. 
42  min. — a  latitude  previously  exceeded  only  by  Parry,  who  in 
1827,  going  with  sledges  from  the  Hecla  in  the  same  direction, 
reached  82^  45'  N.  Subsequently  this  attainment  has  been  surpassed 
more  than  once,  as  by  Charles  Hall,  who  in  1871  reached  82^  16', 
Payer  in  1874  (82°  50,  A.  Markham  in  1875-6  (83^20'),  Lockwood 
of  the  Greely  Expedition  in  1884  (83^  24'),  while  the  explotto  (rf 
Nansen  (86°  14')  and  the  Duke  of  Abruzzi,  22  miles  further  north, 
will  be  fresh  in  the  memory  of  our  readers. 

Tn  1870  Nordenskiold  set  out  on  a  short  visit  to  Greenland  to 
ascertain  if  possible  whether  Esquimaux  dogs  would  be  suitable 
for  sledge-journeys  to  the  pole.  During  his  stay  in  Greenland  he 
made  an  expedition  into  the  interior  over  the  inland  ice-sheet  and 
examined  the  Tertiary  plant  deposits  at  Atanekerdluk,  where  he 
discovered  erect  bituminized  tree-trunks  of  Tertiary  age  tn  mM, 
proving  that  they  had  grown  upon  the  spot  (some  were  2  feet  in 
diameter),  associated  with  beds  of  lignite  and  layers  of  diootyle* 
donous  leaves.  He  also  made  important  observations  upon  the 
inland  ice-sheet  and  the  glaciers  on  the  coast,  and  discovered  the 
great  blocks  of  so-called  meteoric  iron  at  Ovifak,  the  largest  of 
which  weighed  about  19  tons,  the  next  8  tons,  and  the  third  6  tons. 
(See  Prof.  Nordenskiold's  account  of  his  voyage,  Gbol.  Hag.,  1872y 
Vol.  IX,  pp.  289,  355,  409,  449,  516,  and  88.)  These  masses  are 
now  shown  to  be  of  telluric  origin  and  to  have  been  ejected 
probably  in  Miocene  Tertiary  times,  with  the  deep-seated  basaltio 
flows  through  which  metallic  iron,  of  a  similar  character,  is  found 
to  be  disseminated.  His  belief  in  their  cosmic  origin,  however,  ww 
fortunate  in  so  far  as  it  led  Nordenskiold  to  the  further  study  of 
meteorites,  while  his  observations  on  the  surface  of  the  Arctic 
ice-fields  led  to  the  well-known  speculations  on  the  falling  of 
cosmic  dust 
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Nordenskiold  felt  oonvinoed  that  he  oonld  reaoh  a  maoh  higher 
latitude  by  wintering  in  Spitzbei^n  and  utilizing  sledges. 
Accordingly  he  sailed  thither  m  1872  in  the  Polkem,  accompanied 
by  two  tenders.  TTnfavoarable  conditions  of  the  ice  rendered  the 
geographical  results  less  important  than  he  hoped ;  but  he  discovered 
fossil  plants  of  great  importance  to  the  history  of  climatology  during 
former  geological  epochs.  Moreover,  with  Lieutenant  Palander, 
now  the  Swedish  Minister  of  Marine,  he  successfully  surveyed  part 
«f  North-East  Land,  and  in  the  following  July  the  vessels  were 
extricated  from  their  winter  quarters  at  Mossel  Bay,  on  the  north 
coast  of  Spitsbergen,  and  returned  home  richly  laden  with  important 
scientific  collections. 

Nordenskidld  now  turned  his  attention  to  the  exploration  of 
Siberian  waters,  and  in  1875,  following  the  pioneers  Oarlsen  (1869) 
and  Wiggins  (1874),  he  sailed  through  the  Kara  Sea  to  the  Yenissei, 
and  ascended  the  river  in  a  small  boat,  returning  home  overland. 
In  the  following  year,  after  a  flying  visit  to  the  Philadelphia 
Exhibition,  he  introduced  merchandise  by  sea  to  Siberia,  returning 
in  the  autumn  with  his  steamer  by  way  of  the  Kara  Sea  and 
Matotschkim  Sound.  These  experiences  gave  Nordenskiold  a 
reasonable  hope  of  accomplishing  the  North-East  Passage,  and 
the  King  of  Sweden,  Mr.  Oskar  Dickson,  and  Mr.  Sibiriakoff  at 
once  lent  their  aid  to  the  project. 

In  July,  1878,  Nordenskiold,  with  Palander  as  navigator,  started 
in  the  Vega,  accompanied  by  two  smaller  ships.  She  was  the  first 
vessel  to  double  the  most  northern  point  of  the  Old  World — Gape 
Tchelyuskin.  She  wintered  near  Behring's  Straits,  and  once  more 
free  in  July,  1879,  reached  Japan  on  September  2.  After  a  triumphal 
passage  home  around  Asia  and  Europe,  Nordenskiold  was  enthu- 
fliasti^ly  welcomed  at  Stockholm  on  April  24,  1880,  and  laden 
with  honours,  being  created  Baron  and  appointed  a  Oommander  of 
the  "Nordstjerne  Orden"  (Order  of  the  North  Star).  In  1883 
Nordenskiold  made  his  second  voyage  to  Qreenland,  where  he 
investigated  the  inland  ice,  and  succeeded  in  penetrating  with  a  ship 
tiirough  the  dangerous  ice-barrier  along  the  east  coast  of  that  country 
«outh  of  the  Polar  circle,  a  feat  in  vain  attempted  during  three 
hundred  years  by  different  Arctic  expeditions. 

Thus,  at  the  age  of  51,  he  brought  to  a  close  a  career  of 
exploration  comparable  in  the  magnitude  of  its  results  with  that 
of  a  Yasco  di  Gkima  or  a  MaghelhaSns.  But  his  intellectual  activity 
was  by  no  means  ended.  His  own  explorations  furnished  material 
for  numerous  books  and  memoirs,  sudi  as  the  account  of  his  first 
Tisit  to  Greenland  in  1870  (see  Oeol.  Mao.,  loo.  cit),  '"Hie 
Voyage  of  the  Vega  round  Asia ''  (1881),  and  the  ''  Second  Swedish 
E^Mdition  to  Greenland  "  (1885).  His  professional  work  as  Keeper 
of  the  Mineralogical  Division  of  the  State  Museum  in  Stockholm 
led  him  to  contribute  many  valuable  papers  to  the  publications  of 
the  Academy  of  Science  and  various  technical  journals,  as  those  in 
which  he  described  the  new  minerals  Crookesite,  Laxmannite^ 
Thaumasite,  and  Oleveite.      Combined   with   his  love  of  active 
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exploration  was  a  deep  interest  in  the  history  of  past  geographioal 
disoovery  and  the  development  of  cartography,  .  This  gave  rise  t(^ 
the  preparation  of  his  great  "  Facsimile  Atlas  to  the  Early  History 
of  Cartography''  (1889)»  translated  by  Ekel5f  and  Sir  Clementa 
Markham,  and  to  the  equally  large  oomplementary  work,  illustrated 
with  numerous  facsimile  reproduotions  of  ancient  manuscript  map* 
and  portolani,  and  issued  in  1897  under  the  title  "  Periplus :  an 
essay  on  the  early  history  of  Charts  and  sailing  directions,"  the 
English  translation  being  by  F.  A.  Bather.  Nordenskiold,  indeed,, 
was  half  a  bookworm,  and  thus  it  is  that  when  the  Vega  reached 
Japan,  he  employed  his  stay  there  in  buying  up  every  book  and 
manuscript  he  could  lay  hands  on,  thus  forming  the  finest  collection 
of  Japanese  books  in  Europe.  A  catalogue  of  it,  by  Professor 
Leon  de  Bosny,  was  published  at  Paris  in  1883. 

A  feature  of  Nordenskiold's  work,  even  in  its  most  active 
manifestations,  was  always  the  underlying  philosophy,  sometimes 
appearing  to  the  public  very  remote  and  speculative,  sometimes 
fantastic^  if  not  absolutely  erroneous,  but  leading  as  a  rule  to 
success  and  to  results  of  practical  value.  Thus  his  views  on  the 
origin  of  cracks  in  igneous  rock,  originally  sketched  out  thirty*three 
years  ago  in  a  paper  on  the  geology  of  Spitzbergen,  led  ultimately 
to  numerous  deep  borings  for  water  in  the  gneiss  and  granite  of 
Sweden  and  Finland;  some  account  of  these  was  published  in 
Natural  Science  for  September,  1896.  Nordenskiold  also  busied 
himself  with  a  project  for  an  expedition  to  the  Antarctic,  which, 
however,  came  to  nothing  at  the  time.  It  is  interesting,  however^ 
to  note  that  his  nephew  Otto  Nordenskiold  has  been  appointed  to 
take  command  of  the  Swedish  Antarctic  expedition. 

At  various  periods  from  1869  onwards  Nordenskiold  added  to 
his  other  duties  those  of  politician,  sitting  in  the  Swedish  Parliament, 
first  as  Liberal  member  for  Stockholm,  and  subsequently  in  the 
Upper  House.  It  is  not  long  since  he  took  part  in  the  deputation 
that  journeyed  in  vain  to  St.  Petersburg  to  lay  before  the  Tsar 
.  a  petition  on  behalf  of  the  Finnish  nation. 

Baron  Nordenskiold  leaves  a  widow,  a  married  daughter,  and 
a  son,  whose  mourning  is  shared  by  the  whole  Swedish  nation,  and 
by  people  of  culture  throughout  the  world.  The  son,  Erland,  is  now 
on  an  exploring  expedition  in  Patagonia ;  his  elder  brother,  Gustaf 
Erik  Adolf,  died  in  1895,  at  the  age  of  27,  thus  cutting  short 
a  career  that  promised  to  be  one  of  excellence  both  as  geologist 
and  archsdologist — F.  A.  B. 


Ebbata. — Mr.  J.  P.  Johnson  asks  us  to  make  the  following 
corrections  in  his  article  "Some  Sections  in  the  Cretaceous  Bocks 
around  Glynde,'*  which  appeared  in  the  June  number  :  p.  249, 
last  line  of  text,  and  p.  250,  line  11  from  bottom,  for  Cuvieri  read 
BrongniarU, — In  Mr.  F.  B.  Cowper  Beed's  article,  August  number, 
page  358,  for  Pleurotomaria  reni/ormis,  Salter,  read  PleuroUmaria 
uniformis,  Salter. 
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L — On  soma  Oasbonifsbous  Shale  fbom  Sibi&ia. 

By  Profenor  T.  Bvfbrt  Jonbs,  F.B.S.,  F.G.S.,  etc. 

(PLATE  XVI.) 

Introdtieiion, 

IN  December  last  M.  J.  Tolmatsohow,  Oonsenrator  of  Geology  in 
the  Masenm  of  the  Imperial  Academy  of  Sdenoes  in  St  Peters* 
burg,  sent  for  my  examination  a  quantity  of  two  fossiliferoos  shales 
from  the  (Upper?)  Coal-measures  in  the  Basin  of  Eonsnetzk, 
thinking  that  specimens  of  Eitheria  might  be  found  in  them. 

Both  the  shades  oame  from  sections  on  the  Upper  Ters  Biver, 
a  right  affluent  of  the  Tan  Biver.  From  one  locality  (on  the 
Toostoo^rr  Biver)  most  of  the  shale,  like  that  from  the  other  locality 
(Boogtasoh  Mountain),  is  very  flaky^d  friable ;  but  some  beds  of 
the  former  constitute  a  hard  and  thicK  Fosidonomya-Bhole. 

Both  shales  are  dark  in  colour,  here  and  there  somewhat  bitu- 
minous, and  accompanied  by  a  film  of  coal  in  one  specimen.  The 
surfaces  of  the  shale  bear  crowds  of  flattened  valves  of  Anthraeomya 
and  Posidonomya,  often  much  distorted  by  pressure,  rarely  keeping 
the  shell,  and  usually  presenting  only  a  black  shiny  film. 

Ikaeriptian  of  8peeim$ns.     (Plate  XVI.) 

No.  I  (Figs.  1-4). — ^This  is  a  right  valve,  flattened  and  lengthened 
by  pressure  ;  obliquely  ovate,  nearly  straight  above,  elliptically 
rounded  below ;  hi^er  behind  than  in  front ;  extremities  rounded ; 
the  posterior  more  produced  than  the  anterior  end,  at  an  augle  of 
25^-30°  with  the  superior  border  (hinge-line).  Concentric  lines 
thin  and  numerous. 

These  features  seem  to  i^ree  with  some  of  Dr.  W.  Hind's  figures 
of  Anthrcusomya  minima  (Ludwig),  as  published  in  his  Men.  PaL 
Soa,  1895,  pt  ii,  p.  116,  pi.  xvi,  figs.  21,  22,  24-30.  Fig.  23  is 
referred  (perhaps  wrongly)  to  a  variety  of  A.  Um$,  Dawson,  but  has 
much  of  the  appearance  of  A.  minima* 
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Fosidonomya  memhranaoea,  MoCby  (Synop.  Oarb.  Fobs.,  p.  78, 
pi.  xiii,  fig.  14),  is  an  elongate  form  with  delioate  ooncentrio  lines ; 
out  it  is  larger,  and  differs  in  shape  from  Fig.  1 ;  it  also  has  some 
longitudinal  lines  crossing  the  others.  F,  lateralis,  Sowerby  & 
FhUlips,  is  also  one  of  the  obliquely  elongate  species,  but  it  is  much 
larger,  and  it  has  coarse  concentric  wrinUes. 

No.  n  (Figs.  6  and  7).— This  right  valve  is  evidently  allied  to 
the  foregoing,  but  has  proportionately  less  length,  a  fuller  convexity 
of  the  postero-inferior  margin,  and  a  greater  obliquity,  at  an  angle 
of  40^  with  the  hinge-line.  This  may  probably  belong  to  AnthrO' 
eomya  lavis,  Dawson. 

No.  m  (Fig.  5). — This  is  a  left  valve,  having  features  similar  to 
those  of  Figs.  6  and  7,  but  much  more  pronounced.  The  obliquity 
is  66^  instead  of  40^.  The  hinge-line  is  short,  and  the  postero- 
inferior  margin  is  elongate  -  elliptical.  The  concentric  lines  are 
not  so  neat  This  is  possibly  a  variety  of  A,  lavis,  modified  by 
pressure. 

No.  IV  (Figs.  16,  17).— This  left  valve  has  a  much  more  truly 
rounded  inferior  margin  than  that  of  Fig.  5,  and  approximates 
to  a  semicircle ;  its  obliquity  to  the  hinge-margin  is  gpreater  (75^). 
It  may  be  compared  with  some  of  the  figures  of  AtUhracomya 
Valenciensis,  B.  Etheridge,  jun.,  given  by  Dr.  W.  Hind  (Mon.  PaL 
Soa,  1895,  p.  113,  pi.  xvi,  figs.  44-48). 

No.  V. — Figs.  8-15  are  subovate  Posidonomya  {F.  stibovatd),  having 
the  umbo  either  more  or  less  excentric  or  just  in  the  middle  of  the 
hinge-line.  They  have  a  nearly  semicircular  inferior  margin,  and 
numerous  concentric  lines,  ridgelets,  or  rugulse.  Fig.  10  has  the 
umbo  near  the  middle  of  the  upper  margin ;  and  is  very  similar  in 
shape  to  Fosidonomya  punctatdla,  Jones,  from  a  Lower  Carboniferous 
shale  in  Western  Scotland.  It  measures  8  mm.  transversely,  by 
6  mm.  in  height  Many  larger  valves,  found  in  the  same  shales, 
having  a  similar  shape,  but  with  fewer  and  stronger  concentric 
ridges,  have  been  regarded  as  adult  individuals,  measuring  32  x  22, 
30  X  18,  29  X  22,  28  x  20,  20  x  11,  as  I  was  informed  by  my  old 
friend  the  late  Dr.  J.  Young,  of  Glasgow,  who  sent  me  many 
sketches  of  them,  with  strong  concentric  ridges  and  nearly  semi- 
circular  valves.  These  shales,  especially  at  Dairy  in  Ayrshire  and 
Thomliebank  near  Glasgow,  bear  crowds  of  Fosidonomya,  con- 
centrically ribbed,  oblong-ovate  in  shape,  mostly  equilateral,  with 
more  or  less  median  umbo  and  semiciroular  inferior  margin.  Among 
them,  at  Linn  Spout,^  Dairy,  and  at  Arden  quarry,  l^omliebcmk, 
occurred  the  F,  punetatella,  Jones,'  once  regarded  as  an  JSstheria 
(1869),  but  afterwards  proved  to  be  a  Fosidonomya  (1890),  and  it  is 

^  For  a  section  of  the  Tipper  Linn  limestone  and  Fosidonomya  bed  of  the  Lower 
OarboniferoQs  Series  at  Linn  Spent,  see  the  Hon.  Brit.  Pal.  PhyU.,  Palsont. 
Soc.,  1899,  pt.  iT,  p.  208. 

«  Trans.  Geol.  Soc.  Glasgow,  1867,  voL  ii,  p.  71,  pL  i,  fig.  6 ;  1890,  toI.  ix, 
pp.  86-87,  pL  V,  fig.  7. 
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well-matched  in  shape  by  our  Fig.  10;  but  the  latter  is  destitnte 
of  the  punctate  ornament,  and  the  former  may  be  the  young  form 
of  a  different  species  (P.  suboffata,  nov.). 

The  shell-struoture  in  our  specimens  is  not  pitted  nor  clearly 
prismatic,  but  is  full  of  delicate  lines  of  fissure,  parallel  with  the 
thick,  radiating  breakages,  corrugations,  or  pressure-folds;  and 
causing  the  shell  to  come  away  in  subquadrangular  pieces,  which 
are  variously  modified  by  decomposition  before  they  are  quite 
removed  from  the  internal  cast  The  straightness  of  the  micro- 
scopic fissures,  and  the  regular  edges  of  the  separated  pieces  of 
the  shell,  may  be  due  to  the  presence  of  a  crystalline  or  quasi- 
prismatic  structure  not  otherwise  indicated. 

In  Figs.  8-15,  as  also  in  Figs.  5-7,  the  vertical  markings  crossing 
the  concentric  lines  and  riblets  are  due  to  pressure  reducing  the 
convexity  of  the  original  shell. 

F.  corrugata,  B.  Etheridge,  jun.  (Qbol.  Maq.,  1894,  p.  304, 
PI.  XIII,  Figs.  4-6),  occurring  in  the  same  shale  at  Linn  Spout,^ 
has  a  distant  relationship  with  P.  punctatdla  and  subovata.  Its 
concentric  lines,  however,  are  crossed  by  rough  crumplings;  and 
in  its  shape  it  differs  from  the  other.  Its  variable  and  coarse 
radial  lines  are  evidently  regarded  by  the  author  as  oongenital, 
like  the  vertical  ribs  in  P.  eostata,  McCoy  (Synop.  Carb.  Foss.,  p.  78, 
pi.  xiii,  fig.  15),  and,  if  the  flares  which  he  gives  are  of  the 
natural  size,  P.  eorrugata  is  much  larger  than  Figs.  8-15. 

No.  VI.  Fig.  18  {PoMonomya  eonctnna,  nov.). — ^This  is  part  of 
a  larger  Posidonomyat  with  numerous,  distinct,  narrow,  concentric 
ridges,  with  smaller  parallel  lines  between.  There  are  more  perfect 
specimens  of  this  rotundo-ovate  form  in  the  collection,  measuring 
18  mm.  vertically  and  20  mm.  transversely. 

This  is  characteristically  abundant  in  some  of  the  more  solid  shale 
at  the  Toostoo6rr  Biver,  accompanied  by  small  Posidonomya  and 
numerous  obscure  organic  fragments. 

No.  YII  (Beyrichia  Kirhbyanaf  nov.). — Scattered  throughout  the 
shales,  especially  those  from  the  Boogtasch  Mountain,  are  numerous 
specimens  of  a  small  Beyrichia,  about  1  mm.  long. 

It  is  characterized  by  the  two  moieties  of  the  valve  being  always 
swollen,  and  separated  by  a  dorso-medial  sulcus,  within  and  on  one 
side  of  which  is  a  little  tubercle ;  and  the  whole  surface  is  neatly 
reticulate. 

This  little  Entomostraoon  is  related  to  other  Carboniferous 
Beyriehia,  such  as  B,  impressa  (McCoy)  and  £,  eratigera  (G.  S. 
Brady). 

I  propose  to  dedicate  it  to  my  lately  deceased  friend  and  fellow- 
worker  James  Walker  Eirkby,  for  whose  work  among  the  minute 
fossils  of  the  Carboniferous  and  Permian  Series  geologists  owe  great 
thanks. 

1  Catal.  West.  Scot.  FossOb,  1876,  p.  52. 
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EXPLANATION  OP  PLATE  XVI. 

Pio.  '\*^Anihraeomya  miHima  (Ludwig),  Hind.     Right  TalVe.     Natacal  size, 

10  by  6  mm. — Fig.  2,  magnified. 
„      Z.^A,  mimma  (Lndwig^,  Hind.    BigM  Talye.    Natoial  8iie»  18  bj  8  mm. — 

Fig.  4y  magnified. 
y,      5.— A.  lopts^  DawBon.     Variety.     Left  Talye,  magnified.     Natural  axe, 

8  by  6  mm. 
„      6.^A.  lavU,  DawBon.     Bight  Yal?e.     Natural  size,  7  by  6  mm.— Rg.  7, 

magnified. 
,,      S.—Itmdonomya  iuhovata,  ep.  noY.    Left  ralye.   Natnial  8ise,  7  by  §  mm. — 

Fig.  9»  magnified. 
„    10. — P.  iuSovat€^f  noT.    Bight  yalye,  magnified.    Natural  size,  8  by  6  mm. 
„    11.— .p.  iuboffata,  noT.     Left  yalye.    Natural  size,  4J  by  3  mm.— Fig.  12, 

magnified. 
„    13.— P.  subovata,  noT.    Left  yalye.    Natural  size  (of  Fig.  16),  6  by  44  mm. 
„    14. — F,  tubovataf  noy.    Left  yalye,  showing  the  interior ;  magnified.    Natural 

size,  8i  by  6  mm.    This  is  not  the  magnified  yiew  of  Fig.  13. 
„    16. — F.  tubovata,  noy.    Magnified  yiew  of  Fig.  13. 
„    16. — Anthraeompa    VdUnemmt,  Etheridge.      Left    yalye.     Natural  size, 

7  by  7  mm.— Fig.  17,  magnified. 
„    18. — Fotidwumya  eoneinna,  noy.     Fragment.     Size  of  the  original  shell, 

20  by  18  mm. 
The  enlarged  Figures  are  magnified  abont  three  times. 


XL — Pbeliminaby  Note  on  some  Beoentlt  Disooyebei)  Extinot 

YSBTEBBATES  FBOM  EgTPT.   (PaBT  IL) 

By  Chas.  W.  AiTDBBWs,  D.Se.,  F.G.S.,  British  Museum  (Nat.  Hist.). 

Mammaua  (eonHnued). 

Eotherium  agypUaenm,  Owen. 

IN  the  lower  beds  remains  of  a  Sirenian  are  very  oommon,  and 
several  more  or  less  oomplete  skulls  associated  with  some  portions 
of  the  skeleton  were  foand.  The  skull  in  most  respects  resembles 
that  of  Halttherium,  The  snout  is  strongly  deflected  and  bears 
a  pair  of  downwardly  directed  incisor  tusks.  There  are  abont  sevea 
oheek-teeth,  resembling  in  pattern  those  of  Halttherium.  The  roof 
of  the  skull  between  the  temporal  fosssd  is  flat  A  cast  of  the  brain- 
oase  has  been  made,  and  in  most  respects  it  resembles  that  described 
by  Owen  ^  as  the  type  of  Eotherinm  agyptiacum,  from  the  Mokattam 
of  Cairo.  Since  this  seems  to  have  come  from  nearly  the  same 
horizon  as  our  specimens,  I  believe  that  there  is  the  highest 
probability  that  they  are  referable  to  this  same  species,  in  spite  of 
some  dififerences  between  the  shape  of  the  natural  cast  described  by 
Owen  and  that  artificially  made  from  one  of  our  specimens. 

The  mandible  has  a  sharply  deflected  symphysis,  which  is  mnch 
thickened  below,  and  it  appears  that  teeth  occurred  along  nearly 
its  whole  length.  The  vertebrao,  scapula,  and  bs  innominatum  are 
almost  exactly  as  in  Hcditherium.  It  is,  in  fact,  very  remarkable 
that  in  a  form  so  old  as  this  (possibly  Mid-Eocene,  see  below) 
there  is  no  trace  of  a  more  generalized  structure  than  in  the  later 
Halitherium,  and  we  are  apparently  no  nearer  the  primitive  mam- 
malian stock  from  which  the  Sirenians  sprang. 

*  Quart.  Joum.  Geol.  Soc.,  vol.  xui  (1876),  p.  100. 


Digitized  by  VjOOQ IC 


GeolMagi901.      * 

1  2 


Decade  IWoIVlIIRXVI. 
6 


14 


o 


11 


13 


15 


17 


16 


% 


18 


GMV^^odward  del  et  llt^.  '\A^st  Jiewmanimp . 

Siberian  Anchracomyas  &c. 

Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Dr.  C.  W.  Andrem — Extinct  Egyptian  Vertebrates.     437 

Zeuglodon  Osiris,  Dain«8.^ 

Zeuglodon  remains  are  not  uncommon,  and  we  obtained  many 
▼ertebrsd,  a  fine  mandible,  and  a  large  part  of  two  skulls,  from  oae 
of  whioh  it  will  be  possible  to  get  a  oast  of  the  brain-oase.  The#e 
are  two  forms,  a  large  and  a  small,  as  desoribed  by  Dames.  The 
smaller  is  oertainly  the  Zeuglodon  Osiris  of  that  author,  who  oon* 
aiders  that  the  differenoes  between  the  laxger  and  smaller  speoies 
are  merely  sexual.  Of  this  there  seems  to  be  much  doubt,  but 
for  the  present,  until  further  information  is  ayailable,  it  will  be 
oonyenient  to  accept  this  yiew. 

Bbptilia. 

The  reptilian  remains  coUeoted  were  very  numerous  and  indude 
some  forms  of  great  interest.  In  many  cases  the  bones  were  m 
a  wonderfully  perfect  state  of  preservation  and  had  been  almoit 
completely  freed  from  the  matrix.  Some  of  the  more  important 
new  forms  only  will  be  noticed  here ;  these  include  two  species  of 
snakes,  three  Chelonians,  and  a  Crocodilian. 


^  3 


-r 


hyn 

Fio.  1.— Vertebra  of  OtgantopMs,  Two-thiidfl  natural  size.  (A)  Three  artiodaied 
vertebne  from  above ;  (B)  vertebra  from  front ;  (C)  vertebra  from  aids. 
a.c.  anterior  zygapophyBis ;  hyp.  hypapophysiB ;  n.s.  neural  spine ; 
p.z.  posterior  zygapophysis ;  r.  articular  facet  for  rib ;  zyg.  zygoephene. 

Ophidia, 

The  fossil  remains  of  snakes  are,  as  a  rule,  very  rare,  but  in  the 
lower  beds  in  which  our  collections  were  made  Ophidian  yertebm 

1  Palaeont.  Abhand.,  nene  Folge,  Bd.  i  (1894),  p.  189. 
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were  very  oommon.  They  belong  to  two  types,  one  an  extremely 
large  Python-like  form,  and  the  other  a  smaller,  though  still  large 
sni&e,  tiie  chief  charaoteristic  of  which  is  the  great  height  of  the 
neural  spines.    These  two  types  are  briefly  described  below. 

Oigantophii  Oarstini,  gen.  et  sp.  nov.     (Fig.  1.) 

The  large  vertebrsd  of  this  species  occur  very  commonly  in  the 
lower  beds  associated  with  remains  of  Mmritheriumt  Zeuglodonts, 
and  Sirenians.  In  one  case  a  series  of  about  twenty  vertebre 
were  found  in  their  natural  relations  to  one  another  and  beautifully 
weathered  out  of  the  matrix  by  the  action  of  sand-drift  (Fig.  1a). 

The  form  of  these  vertebrso  (Fig.  1)  approaches  most  nearly 
to  that  seen  in  Python,  to  which  genus  it  seems  probable  that  this 
species  was  nearly  related.  The  articular  region  of  a  mandible 
lends  support  to  this  view. 

In  the  vertebrso  the  anterior  cup  of  the  centrum  is  transversely 
oval,  and  the  corresponding  posterior  convexity  is  similar  in  shape 
and  looks  somewhat  upwards.  The  neural  spine  (n.f.)  is  short  and 
stout,  and  has  a  flat  truncated  extremity;  the  neural  canal  is 
relatively  much  smaller  than  in  the  recent  type,  but  has  the  same 
somewhat  trilobate  form.  The  articular  surfaces  of  the  anterior 
i^gapophyses  (a,z.)  are  slightly  above  the  level  of  the  floor  of  the 
neural  canal.  The  form  of  the  zygosphene  (zyg.)  and  zygantrum  are 
as  in  Python.  The  transverse  processes  form  massive  protuberances, 
bearing  on  their  outer  ends  articular  surfiAoes  (r.)  for  the  ribs,  and  are 
of  similar  form  to  those  seen  in  Python.  The  hypapophysis  (hyp.) 
in  most  of  the  vertebrae  is  small,  and  consists  mainly  of  a  smisdl 
tuberosity  near  the  hinder  end  of  the  centrum. 

These  vertebrsd  are  all  of  large  size,  much  larger  than  in  any 
existing  Ophidian.  If  the  proportions  of  this  snake  were  the  same 
as  in  t£e  existing  Python  $eba  it  probably  reached  a  length  of  about 
30  feet 

The  dimensions  of  one  of  these  vertebr»  are  as  follows : — 

mm. 

Greatest  he^ht  (from  top  of  neural  spine  to  end  of  hypapophysis)  ...  67 '6 

Greatest  width  (between  the  ends  of  the  transrerse  prooeeses)         ...  63 

Width  of  zyffosphene  ' 29 

Width  of  araciuar  cap  of  oentrom      22 

Heiffht  of  articular  cup  of  centmm     19 

Width  of  articular  ball  of  centrum      28 

Extreme  length  of  centrum      40 

Width  of  neural  canal (approx.)  12 

To  this  form  the  generic  name  Oigantophii,  referring  to  its  large 
size,  may  be  given,  the  specific  name  being  (jigantophis  Oantini, 
in  honour  of  Sir  William  Oarstin,  E.O.M.O.,  the  Under  Secretary 
of  State  for  Public  Works  in  Egypt. 

Mariophis  Sehweinfurthi^  gen.  et  sp.  nov.    (Fig.  2.) 

Perhaps  the  commonest  fossils  in  the  lower  beds  are  the  vertebrae 
of  a  large  snake,  which  in  the  main  points  agree  with  those  upon 
which  Owen  founded  the  genus  P(daophi$.    Owen's  specimens  are 
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fix)m  the  Eooene  (Lower  and  Middle)  of  Sheppey  and  Bracklesbam, 
and  it  is  very  interesting  to  find  a  similar  form  ooourring  in  the 
Lower  Tertiary  deposits  of  Egypt  Some  shells  which  occur  asso- 
ciated with  these  remains  haye  lately  heen  described  by  Cossmann  ^ 
from  almost  the  same  locality ;  they  are  referred  by  him  to  the 
Middle  Eocene  (Nummulitic),  so  probably  it  may  turn  out  that 
the  beds  in  which  Mariiherium^  Bradytheriumy  and  the  reptiles 
described  in  this  paper  are  found,  are  somewhat  older  than  stated 
in  Part  I,  and  are  in  fact  Middle  Eocene.  This  question  will  no 
doubt  be  settled  by  Mr.  Beadnell  in  the  section  relating  to  the 
stratigraphy  of  the  district. 


Fio.  2. — ^Vertebra  of  M(Br%oph%9,  Two-thirds  natural  dze.  Ul)  From  aide; 
(B)  from  front.  a,z,  anterior  zjgapophysis ;  hyp,  hypapopnyEis ;  n.  process 
on  back  of  neural  arch;  fi.«.  neoral  spine;  p,z,  postiBnor  zygapophysis ; 
r.  facet  for  rib ;  cy^.«.  zygosphene. 

The  chief  characteristic  of  these  vertebrsd  is  the  great  height  of 
the  neural  spine  (Fig.  2,  n.«.),  and  with  this  seems  to  be  correlated 
the  relatiye  narrowness  of  the  centrum  in  proportion  to  its  length 
and  the  ventral  and  downwardly  directed  position  of  the  transverse 
processes  (r.).  All  these  characters  occur  to  a  less  degree  in 
Pdlaophii.  Another  point  of  similarity  is  the  presence  on  either 
side  of  the  posterior  part  of  the  neural  arch  of  a  large  backwardly 
and  upwardly  projecting  process  (Fig.  2,  n.),  from  the  tip  of  which 
a  ridge  runs  downward  and  forward  to  the  base  of  the  anterior 
sygapophysis.  This  process  is  more  developed  here  than  in 
Palaophii,  to  which,  according  to  Owen,  it  is  almost  peculiar, 
only  a  trace  being  found  in  omer  Ophidian  vertebrso. 

The  transverse  processes  project  downward  below  the  level  of 
the  centrum,  and  their  lower  ends  may  even  be  slightly  bent  in 

1  Cossmann :  *<  Additions  k  la  Faune  Nummulitiqae  d'Egypte"  (Institat  Egyptien, 
Cairo,  1901). 
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towards  the  middle  Hue.  The  hypepophym  (&^.)  oonststs  of  two 
pvooesaet,  one  Bear  the  middle  of  the  oentnim,  the  other  close  -to 
its  anterior  border;  ihe  latter,  together  with  the  transyerse  pro- 
oesses,  is  strongly  inclined  forward. 

The  whole  form  of  the  vertebra  seems  to  me  to  indicate  that  tiie 
body  was  deep  and  laterally  compressed,  as  in  some  water-snakes, 
and  to  point  strongly  to  the  oonolnsion  that  this  animal  was  aqoatio 
in  its  habits.  Its  association  wiUi  the  remains  of  Zeuglodonts, 
Sirenians,  and  marine  turtles  seems  to  support  liiis. 

This  snake  is  no  doubt  a  dose  ally  of  Falaaph%$,  and  must 
be  referred  to  the  same  family ;  but  the  greater  height  and 
narrowness  of  the  vertebrsd,  the  more  ventral  position  of  the  trans- 
verse processes,  and  of  their  surfaces  for  articulation  with  the 
ribs  (r.),  as  well  as  several  points  in  the  structure  of  the  neural 
aioh  and  its  articulations,  justify  the  generic  separation  of  this  type. 
I  propose  for  it  the  name  Mamophi$,  referring  to  the  locality  in 
which  it  was  found,  and  its  specific  name  will  be  M.  Sehweinfwrihi, 
after  Dr.  G.  Schweinfurth,  who  has  done  so  much  to  add  to  our 
knowledge  of  Egypt  in  so  many  directions,  and  who  seems  to  have 
been  the  first  to  collect  vertebrate  remains  in  the  Fayt)m. 

The  dimensions  of  one  of  these  vertebraa  are  as  follows : — 

mm. 

Greatest  'height  (from  top  of  neural  spine  to  end  of  bypapophysii)     ...  85 

Greatest  width  (oetween  ends  of  transyerM  processes) 26 

Width  of  ijeosphene 19 

Width  of  amcmar  onp  of  oentnim         16 

Height  of  articular  cup  of  oentnim        14 

Extreme  length  of  centrum         31 

Width  of  neural  canal     7 

ChsUmia. 

Chelonian  remains  are  fairly  common  in  the  lower  beds  in  which 
Mcmiherium  and  OigantophU  occur,  and  some  nearly  complete  skulls 
and  carapaces  were  collected.  The  latter  are  not  in  very  good 
condition  for  the  determination  of  their  characters,  being,  as  a  rule^ 
traversed  in  all  directions  by  cracks  and  coated  with  gypsum,  so 
that  the  sutures  cannot  be  dearly  made  out 

The  Ohelonians  collected  include  representatives  of  the  three 
chief  groups,  viz.,  the  Athecm,  PUmrodira,  and  Or^fpiodtVo. 

P$eplu>pkorm  eocanus,  sp.  nov. 

The  Aiheea  are  represented  by  a  humerus  and  possibly  some 
masses  of  scutes. 

The  humerus  (Fig.  8)  difibrs  widely  from  that  of  all  land  and 
fresh-water  tortoiMs  and  of  all  the  marine  turtles,  except  SphargiM. 
In  fauotj  it  belongs  to  the  most  specialised  type  of  swimming  humerus 
found  among  the  pelagic  Ohelonia  (paraik^da$$ie  tffpe  of  WielBiid» 
Am.  Joum.  Soi.,  ser.  iv,  voL  ix,  1900,  p.  420).  Among  the  forms 
of  Athecate  Ohelonia  of  which  the  humerus  is  known,  the  present 
n>ecies  (Fig.  8)  seems  to  approach  most  nearly  to  JPtsp&i^Jbomf, 
the  chief  points  of  difference  being  that  the  ulnar  crest  (a)  is  ] 
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prominent  and  rises  farther  above  the  head  {Jb),  and  the  form  of 
the  proximal  portion  of  the  radial  prooass  (0)  is  different  in  seTeral 
cespeots.  For  the  present,  antil  further  remains  are  ooUeoted,  it 
will  be  best  to  refer  this  form  to  P$epkopkorv»,  The  spedfio  name 
will  be  P.  eocanuB. 

Dimensions  of  Hukb&us. 

Total  length     190min. 

Width  of  shaft  immediatelT  below  radial  procan     ...        42  „ 
Width  of  head 40  „ 

Thala$$ochely$  Ubyca,  sp.  nov. 

Another  Chelonian,  represented  in  the  oolleotion  by  several  more 
or  less  crashed  skulls,  is  a  Gryptodiran  with  roofed  temporal  foBsm, 
apparently  olosely  allied  to  OheUme.  In  two  oases  the  skulls  axe 
^^reatly  crashed  from  above  downward,  giving  them  a  quite  mis- 
leading appearanoe  of  being  low  and' flattened,  but  another  specimen, 
inoluding  the  back  of  the  skull  as  far  fbrwa^  as  the  epipterygoid 
(columella),  is  quite  uncrushed,  and  is  here  referred  to. 


Pio.  8. — Doisal  and  Tmtral  news  of  left  hmnenis  of  PBiphcphortu  eoemnua^ 
Andrews.  One-fifth  natoralsiae.  (a)  Ulnarerest;  (^heiBid;  («)  radial  crest; 
(i)  entocondyle. 

The  form  of  the  tympanic  ring,  which  is  incomplete  posteriorly, 
resembles  that  seen  in  Chelons,  showing  that  this  species  is  not 
a  Pleurodiran.  The  pres^Ace  of  the  columella  shows  that  it  is  not 
one  of  the  Athecate  group,  as  from  the  occurrence  of  the  humeruB 
above  desonbed  serai^  not  impossible.  The  roofing  of  the  temporal 
fossa,  as  far  as  can  be  seen,  is  the  same  as  in  the  Ghelonidn,  and  it 
may  be  referred  provisionally  to  that  family.  The  occipital  condyle 
is  Uilobate,  the  basi-oooipital  extending  up  to  the  foramen  magnum. 
The  basi-sphenoidal  platform  is  much  less  prominent  than  in  CkeUme, 
4ind  there  is  no  deep  fossa  beneath  its  hinder  border  as  in  that  genus. 
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In  this  region  the  sknll  resembles  that  of  Thalassoehelys  very  nearly. 
There  are  some  differences,  however,  the  most  notable  of  whion 
being  the  greater  length  of  the  quadrate  in  the  fossil.  Nevertheless, 
I  prefer  at  present  to  refer  this  speoies  provisionally  to  ThaUuiochelys, 
with  the  specific  name  T.  libyea. 

Stereogenys  Oromeri,  gen.  et  sp.  nov. 

The  most  interesting  of  the  Ghelonian  remains  are  several  more 
or  less  complete  skulls  of  a  Pleurodiran  tortoise,  which  presents 
a  number  of  peculiar  features.  The  Pleurodiran  nature  of  this 
speoies  is  shown  by  (1)  the  completeness  of  the  quadrate  ring  for 
the  tympanum ;  (2)  the  form  of  the  articular  surface  of  the  qua^te. 

The  temporal  fossa  is  roofed  as  in  PodocnenUs  alone  among  living 
Pleurodira.  In  the  Mesozoic  Bhinochelys  also  the  temporal  fossa  is 
roofed  in,  but  in  quite  a  different  manner  from  that  occurring  in 
Podocnemii  and  our  fossiL  So  far  as  I  can  determine,  this  speoies 
approaches  Podocnemii  more  nearly  than  any  other  Ghelonian,  but  on 
the  other  hand  there  are  some  very  important  differences.  The  most 
important  of  these  are  found  in  the  structure  of  the  palate  (Fig.  4a), 


Fio.  4. — Skull  and  mandible  of  Stireogmyt  Oromeri,  One-half  natural  size. 
(A)  Palatal  surface  of  skull ;  (B)  upper  surface  of  mandible.  The  pre- 
maxillee  are  restored  from  another  specimen,  b.o.  basi-ocoipital ;  ntx.  maxula ; 
9ia,  internal  nares ;  p.mx.  premaxillsB ;  pal,  palatines ;  pt.  pterygoids ; 
g.  quadrate ;  t.oee.  supra-occipital ;  »q,  sqnamosaL 

in  which  the  palatine  bones  (pal.)  are  much  longer  than  in 
Podoenemis,  and  are  produced  inward  towards  the  middle  line, 
where  in  some  specimens  they  seem  to  have  united  in  a  median 
suture,  in  others  to  have  remained  separated  by  a  narrow  oleft» 
which  in  life  was  no  doubt  dosed  by  membrane,  so  that  in  either 
case  the  opening  of  the  internal  nares  (tia.)  was  carried  far  back 
to  the  level  of  tiie  ectopterygoid  wings.  This  arrangement  of  the 
palatines  seems  to  be  unique  among  Ohelonia.  There  is  a  small 
anterior  vacuity  between  the  hinder  ends  of  the  palatal  portions  of 
the  premazillsd  (p.mx.)  and  the  maxillsa  (m».).    The  pterygoids  (pt) 
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are  short  and  broad,  and  have  a  very  small  extension  on  the  palate 
compared  to  that  seen  in  Podocnemis,  and  they  seem  to  have  been 
nearly  exoladed  from  the  middle  line  by  the  backward  prolongation 
of  the  palatines. 

Four  or  five  more  or  less  complete  skulls  of  this  type  were 
collected,  and  it  will  be  possible  from  them  to  give  a  detailed 
account  of  the  cranial  characters. 

The  symphysis  of  the  mandible  (Fig.  4b)  is  very  long,  and  the 
symphyseal  region  forms  a  broad  pentagonal  plate,  the  two  anterior 
sides  of  which  form  the  labial  borders,  while  the  two  lateral  bear 
the  high  pointed  coronoid  processes.  The  posterior  side  is  slightly 
concave.  The  dorsal  surface  of  the  symphyseal  surface  was  probably 
covered  by  a  strong  homy  plate,  which,  judging  from  the  large  size 
and  anterior  position  of  the  coronoid  process  and  the  depth  of  the 
muscle  impressions,  must  have  formed  a  powerful  crushing  apparatus. 
The  backward  position  of  the  internal  nares  seems  to  be  correlated 
with  the  existence  of  this  arrangement,  the  union  of  the  palatines 
extending  just  far  enough  backwards  to  bring  the  opening  behind 
the  level  of  the  symphysis.  Probably  the  anterior  part  of  the  palate 
in  front  of  the  narial  opening  was  also  covered  with  a  homy  plate. 

To  this  new  form  I  propose  to  apply  the  generic  name  Stereogenys, 
the  species  being  called  8.  Oromeri,  after  the  Earl  of  Oromer,  the 
Britidi  Agent  and  Consul-General  at  Cairo. 

The  dimensions  of  the  figured  skull  and  mandible  are : — 

Skull. 

Extreme  length  as  fig:iired 96  mm. 

Extreme  width  *       98   „ 

Width  between  ends  of  ectopterygoid  wines        65   „ 

Width  between  outer  ends  o?  articular  suxiace  of  qoadrates  74  , , 

Width  of  articular  surface  of  qoadrate      14   „ 

Makbiblb. 

Total  length 71mm. 

Lei^th  of  symphysis  45   „ 

Width  at  coronoid 55   „ 

Width  at  articulation  for  quadrate 64   „ 

Several  carapaces  and  plastra  were  collected  which  probably  belong 
to  this  form.  Their  Pleurodiran  character  is  shown  by  the  fusion  of 
the  lower  ends  of  the  pubes  and  ischia  with  the  plastron.  As  a  mle 
the  mode  of  preservation  is  such  that  it  is  extremely  difficult  to 
make  out  the  position  of  the  sutures,  even  in  specimens  otherwise 
in  excellent  preservation.  In  one  plastron,  however,  it  seems  fairly 
dear  that  there  were  small  lateral  mesoplastrals  and  that  a  large 
intergular  plate  was  present 

Oroeodilia, 

Tomtstoma  africanum,  sp.  nov. 

Bemains  of  Orocodilians  are  very  common  in  the  lower  beds  in 
some  localities,  and  in  some  cases  attain  a  very  large  size.  Vertebrae 
and  scutes,  either  isolated  or  in  groups,  most  commonly  occur, 
but  occasionally  a  large  part  of  the  skeleton  was  seen.      When 

I  This  specimen  is  somewhat  crushed,  so  that  the  width  is  slightly  exaggerated. 
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the  material  is  foUy  examined  it  is  probable  that  two  or  three 
-species  will  be  found.  At  present  it  will  only  be  necessary  to 
mention  one,  to  whioh  the  finest  specimens  oolleoted  are  referable. 
These  include  an  almost  perfect  mandible  and  the  anterior  portion 
(about  84  cm.  in  length)  of  a  snout,  with  the  upper  and  lower  jaws 
in  their  natural  positions  with  regard  to  one  anotiier. 

In  the  mandible  the  symphysis  is  verj  long  and  GhiYial-like,  but 
in  this  region  there  are  only  14  teeth  on  each  side,  the  total  number 
in  each  ramus  being  19-20.  The  splenial  enters  largely  into  the 
formation  of  the  symphysis.  The  first  and  second  teeth  are  large, 
the  third  smaller,  the  fourth  large  again,  then  the  remainder  some- 
what smaller,  and  of  nearly  the  same  size  throughout  except  a  few 
^f  the  hindermost. 

There  are  four  premaxillary  teeth,  of  whioh  the  second  and  third 
are  the  largest ;  the  fourth  is  small,  and  behind  it  there  is 
a  diastema  into  which  the  large  fourth  lower  tooth  bites.  Only  the 
^rst  four  of  the  maxillary  teeth  are  preserved.  The  teeth  are  nearly 
circular  in  section.  The  premaxillary  region  is  very  slightly 
flattened  and  expanded,  and  the  nasal  opening  is  heart-shaped,  with 
the  point  directed  backwards :  the  relations  of  the  premaxillaries 
And  nasals  to  it  cannot  be  made  out,  none  of  the  sutures  being 
Tisible. 

Oomparison  of  this  Crocodile  with  other  types  shows  that  without 
doubt  it  is  referable  to  the  genus  Tomistoma,  the  only  living  species 
of  which  occurs  in  the  rivers  of  the  Malay  Peninsula,  Borneo,  and 
the  neighbouring  islands,  while  fossil  representatives,  or  very  closely 
allied  types,  occur  in  the  Miocene  of  Malta  and  Eggenburg. 

This  species  differs  from  the  recent  form  in  the  slightly  greater 
expansion  of  the  premaxillary  region  and  the  somewhat  greater 
length  and  slendemess  of  the  articular  process  of  the  mandible. 
Apart  from  these  and  some  other  peculiarities,  the  difference  in  the 
■horizon  and  locality  of  this  form  entitles  it  to  specific  distinctness ; 
It  may  be  called  Tomistoma  africanum. 
The  dimensions  of  the  mandible  are  : — 

cm. 

Total  length 108 

Length  of  sympliyBis  49*6 

Width  of  jaw  at  symphyBiB 11*2 

Width  of  aitLcular  surface  for  quadrate 6*8 

Depth  of  ramus  at  symphyaiB        (approx.)       4*2 

In  another  specimen  of  the  front  of  the  snout  the  premaxillary 
expansion  is  nearly  8  cm.  wide,  while  the  somewhat  contracted  regi<m 
immediately  behind  the  premaxillary  teeth  is  only  5  cm.  in  wid(£. 

Pisoxs. 

Fish  remains  were  collected  in  considerable  quantity,  but  have  not 
yet  been  examined  in  detail ;  they  seem  to  be  mostly  portions  of  the 
skeleton  of  large  Siluroids,  but  remains  of  a  Saw-fish  (?  FtopriiiU 
Sehtoeinfttrihi,  Dames)  are  not  uncommon,  one  complete  rostrum 
■being  obtained. 
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nL — On  thb  Oiboulation  of  Salt  in  its  Bilatioms  to  Oeolooy. 
By  William  Aokbotd»  F.I.C,  F.G.S.,  Pablio  Analyst  for  Halifax. 

ASEA-BBEEZE  is  salt-laden  in  varying  degree.  On  a  fine 
dry  day  it  may  contain  as  muoh  as  22  milligrams  of  salt 
per  onbic  metre  of  air  (Armand  Gtoutier,  Ball.  Soo.  Chim.,  189^ 
[iii],  21,  891-892).  This  invisible  salt  is  washed  oat  of  the 
atmosphere  by  rains,  and  finds  its  way  back  to  the  sea. 

Salt  oironlation  is  more  evident  in  times  of  storm,  when  the 
amount  carried  on  to  the  land  from  the  sea  may  be  enormous. 
Thus,  during  the  storm  of  January  6th  and  7th,  1889,  newspaper 
records  make  it  apparent  that  tons  of  salt  per  aore  were  spread  over 
Lancashire  and  Yorkshire,  which  had  been  brought  by  the  gales 
firom  the  Irish  Sea;  right  away  over  the  Pennine  hills  the  trees 
were  white  with  salt. 

The  phenomenon  has  been  entirely  ignored  in  our  physiographic 
literature,  and  credit  is  due  to  Professor  Joly  for  having  made  an 
allowance  of  10  per  cent  for  such  transported  salt  in  his  calculation 
of  the  age  of  the  Earth.  I  have  attempted  to  give  the  subject  of  salt 
circulation  its  due  importance  in  a  paper  read  before  the  Yorkshire 
ecological  and  Polytechnic  Society,  which  will  duly  appear  with 
Addenda  in  the  Society's  Proceedings.  A  preliminary  report 
appeared  in  the  Chemical  News  for  June  7th,  1901.  In  the  course 
of  the  paper  I  venture  the  opinion  that  99  per  cent,  ought  to  be 
allowed  for  cyclic  sea-salt  in  employing  soluble  river  contents  as^ 
a  measure  of  time;  to  this  Professor  Joly  replied  on  June  28th, 
and  mj  rejoinder  in  the  same  journal  will  be  found  on  August  2nd. 
I  am  here  concerned  with  his  article  in  the  August  number  of  this 
Mi^azine. 

On  (he  Origin  of  the  Sdlinees  of  Sdlt  Lakee, — Many  determinations 
of  chlorine  in  rain-water  are  on  record,  but  a  fulness  of  information 
is  decidedly  wanting.  The  chlorine  fluctuates  widely,  and  the  laws 
determining  the  variations  have  yet  to  be  experimentally  worked 
oat.  A  six  months'  study  of  one  locality  will  be  found  in  my  paper 
"On  the  Origin  of  Combined  Chlorine"  (Joum.  Chem.  Soc.,  1901, 
voL  Ixxix,  pp.  678  and  674),  where  records  of  the  fluctuations  of 
chlorine  in  the  rain-gauge  and  reservoir  of  Widdop  on  the  Lana- 
Yorks.  border  are  given.  It  is  neoessary  to  say  here,  a  point  which 
will  again  be  referred  to,  that  it  is  customary  among  chemists  to  make 
chlorine  a  measure  of  sodium  by  calculating  the  chlorine  in  rainfall  into 
sodium  chloride.  Employing  this  convention,  Belluoci  calculates  that 
87*8  lbs.  of  common  salt  per  acre  is  deposited  every  year  at  Perugia, 
some  75  miles  from  the  sea-coast,  and  I  may  add  that  I  find  in  the 
Pennine  hills  the  deposit  calculates  out  to  172  lbs.  per  aore  per  year. 
Such  facts,  taken  in  conjunction  with  observations  like  Oautier's, 
make  it  probable  that  wherever  sea- winds  reach  to  carry  moisture 
there  the  falling  rains  bring  down  chlorides,  and  the  general  disposition 
of  iso-chlors  proves  this.  It  is  justifiable,  then,  to  suppose  that  an 
inland  lake  may  owe  much  of  its  salt  to  this  source.  I  have  shown 
by  calculations  that  the  Pennine  reservoir  already  referred  to  with 
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a  oapaoity  of  640*5  millions  of  gallons  has  in  it  some  55  tons  of  salt, 
and  as  the  water  is  being  continually  drawn  off  for  municipal  use,  and 
as  continually  being  replenished  by  rains  falling  on  a  saltless  area 
of  Millstone  Orit,  it  follows  that  its  chlorides  must  be  derived  from 
the  sea.  The  available  data  show  further  that  if  it  had  no  outlet 
and  the  inflow  were  balanced  by  the  effects  of  evaporation  it  would 
become  Salter  than  the  Dead  Sea  in  a  period  of  time  less  than  one- 
seventh  of  that  usually  assigned  to  the  Pleistocene  Age.  The  mind 
naturally  turns  from  such  considerations  to  a  case  like  that  of  the 
Dead  Sea,  for  it  is  little  further  removed  from  the  Mediterranean 
than  Widdop  is  from  the  Irish  Sea ;  there  is  a  rainfall  in  Palestine 
higher  than  that  of  the  Pennine  hills,  and  in  the  past  there  has  been 
an  intensity  of  meteorological  conditions  of  which  we  at  the  present 
day  can  form  but  a)[i  inadequate  conception  (Tristram,  "  The  Land 
of  Israel,"  p.  320).  All  the  conditions  are  present,  but  what  of  the 
results  ?  The  various  points  of  similarity  and  of  dissimilarily  are 
in  favour  of  such  a  hypothesis ;  it  will  be  convenient  to  deal  with 
them  after  the  next  paragraph. 

Indiscriminate  comparisons  of  salt-lake  analyses  lead  to  confusion. 
This  is  illustrated  by  Professor  Joly's  remarks  on  p.  346  of  this 
Magazine  for  August.  A  principle  is  here  overlooked  which  may 
be  thus  briefly  stated : — Where  a  solution  of  mixed  salts,  among 
them  being  magnesium  chloride  and  sodium  chloride,  undergoes 
concentration,  as  the  more  soluble  magnesium  chloride  increases  in 
amount  the  common  salt  is  precipitated.  The  only  reference  on 
which  I  can  lay  my  hands  at  the  moment  is  to  the  work  of  Precht 
and  Wittjen  in  1881  (Joum.  Chem.  Soc.,  November,  1881,  p.  978), 
who  show  that  a  20  per  cent,  solution  of  magnesium  chloride  at 
20^  C.  dissolves  only  5*1  per  cent  of  potassium  chloride  and  5*8  per 
cent  of  sodium  chloride.  Now  in  this  strong  light  let  us  examine 
the  waters  of  the  Elton  Lake  of  the  Eirghis  Steppe  as  they  vary 
with  -the  season : — 


Ik  Spedig 

In  SuMKBa 

Ik  Autumh 

(Gohel). 

(Erdmann). 

(Eo«j). 

Sodium  chloride,  NaCl         

13-1 

7-4 

3-8 

Magneeium  chloride,  Hg  CI, 

Potasmum  chloride,  K  01       

10-6 

16-3 

19-7 

0-2 

— 

0-2 

Calcium  chloride,  Ca  CL       

Potassium  sulphate,  £3804 

Magnesium  sulphate,  Mg  S  O4 





— 



0-04 

— 

1-6 

2-20 

6-3 

Water 

74-4 

73-60 

70-8 

99-8 

99-44 

99'8 

On  Professor  Joly*s  line  of  argument  the  first  and  last  analyses 
ought  not  to  belong  to  the  same  lake,  but  they  are  beautifully  in 
keeping  with  the  principle  I  have  enunciated.  Nor  does  it  at  all 
seem  strange  that  in  the  case  of  the  Oreat  Salt  Lake,  where  there  is 
so  little  magnesium  chloride  there  should  be  so  much  common  salt 


Digitized  by  VjOOQ IC 


W.  Achroyd—The  Circulation  of  Salt.  447 

To  return  now  to  the  Dead  Sea.  It  will  be  at  once  recognized 
that  the  large  percentage  of  magnesium  chloride  present,  arising 
from  ages  of  concentration,  is  fayourable  to  precipitation  of  common 
salt,  which  in  the  southern  parts  of  the  lake  forms  quite  a  paste 
(Tristram).  The  ratio  of  chlorine  to  bromine  in  the  surface 
waters  of  the  Dead  Sea  and  of  the  Mediterranean  are  nearly  alike 
(100  :  2*1),  and  the  only  divergence  one  looks  for  is  in  the  increase 
of  the  bromine  figure  for  the  Dead  Sea  as  its  sodium  chloride  is 
precipitated,  and  this  one  finds  to  be  the  case.  It  is  also  to  be 
noted  here  that  all  attempts  to  find  traces  of  bromine  in  the  springs 
and  rivers  of  Palestine  have  hitherto  failed  (Watts'  Dictionary  of 
Chemistry,  vol.  v,  p.  183).  All  these  points  are  compatible  with 
the  Dead  Sea  having  derived  the  greater  part  of  its  salts  from  the 
Mediterranean.  As  one  recognizes,  however,  that  solvent  denudation 
must  play  an  important  part  in  adding  to  the  soluble  contents  of 
inland  lakes,  it  is  to  its  extensive  limestone  gathering-ground  that 
the  Dead  Sea  must  owe  its  calcareous  character,  and  the  contrast 
in  this  respect  with  the  Mediterranean  is  increased  by  the  latter 
possessing  and  the  former  being  without  a  lime-secreting  fauna. 

On  the  Proportion  of  Chloride$  supplied  hy  Solvent  Denudation. — 
It  was  of  interest  and  of  importance  to  know  approximately  what  in 
a  river  water  was  due  to  solvent  denudation  and  what  to  atmospheric 
transportation.  To  find  the  proportion  of  chlorides  due  to  solvent 
denudation  the  following  line  of  reasoning  suggested  itself  to  me. 
A  sample  of  Malham  Cove  water  in  Craven  had  a  hardness  of  10^, 
ie.  it  contained  10  grains  of  calcium  carbonate  per  gallon  or  its 
equivalent  of  dolomitic  compound.  Analysis  showed  tibe  limestone 
to  have  in  it  *01  per  cent  of  combined  chlorine.  The  10  grains 
therefore  contained  *001  grain  of  chlorine.  Now  the  whole  gallon 
of  water  gave  *7  grain  of  chlorine,  whence  it  follows  that  only 
a  fifth  of  1  per  cent  of  all  the  combined  chlorine  in  the  water  was 
due  to  solvent  denudation,  or  of  the  load  of  salt  carried  to  the  sea 
approximately  99*8  per  cent  was  sea-salt  Professor  Joly,  in  his 
criticism  in  the  Chemical  News,  does  not  appreciate  this  result ;  in 
the  Gbologioal  Maqazinb  he  ignores  it  altogether.  It  is  capable 
of  wide  application.  Thus,  in  some  40  full  analyses  of  limestones 
and  dolomites  published  by  the  United  States  Oeological  Survey 
(BuU.,  148,  pp.  254-274),  81  samples  show  no  trace  of  chlorine, 
2  only  traces,  and  9  samples  from  '01  up  to  '14  per  cent  The 
average  quantity  of  chlorine  in  the  last  9  samples  is  *06  per  cent., 
and  in  the  whole  40  samples  *01  per  cent  Limestone  is  one  of  the 
most  soluble  of  all  rocks,  and  will  probably  furnish  the  largest 
share  of  chlorine  to  the  rivers,  and  these  figures  demonstrate  that 
80  far  as  the  North  American  continent  is  concerned  its  limestones 
are  not  likely  to  supply  any  greater  proportion  of  this  element  than 
the  limestones  of  Yorkshire.  Beference  to  other  facts  confirm  this 
view  of  things.  Before  proceeding  farther  let  me  give  the  atomic 
proportions  of  sodium  and  chlorine  in  some  of  the  bodies  we  have  to 
deal  with,  premising  for  the  benefit  of  the  non-chemical  reader  that 
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a  moleonle  of  oommon  salt  or  Bodium  ohloride  ooniaios  two  atoms, 
one  of  ohlorine  and  one  of  sodium. 

AtOMIO  PBOFOBSXONt. 

Sodium.    ChloriiiB. 
1.    In  common  salt  1:1 

3.  In  the  solids  disBoWed  in  sea-water 1  1*17 

8.    In  Pieire's  rain  1      :      1*3 

4.  In  the  solids  dissolTod  in  aTerage  rirer-water 

(from  Sir  J.  Mniray's  data)       1  0*346 

6.    In  the  older  crost  of  the  earth  (from  Professor 

P.  W.  Clarke's  data)      1      :      0-0024 

Compare  4  and  5.  In  the  earth's  omst  there  is  only  one  atom 
of  chlorine  to  417  atoms  of  sodiam,  while  in  riv^-waier  to  eaoh 
atom  of  ohlorine  we  have  three  atoms  of  sodium.  Hierefore 
average  river-water  contains  a  proportion  of  over  140  times  more 
chlorine  atoms  than  the  earth's  crust  could  supply  it  with.  Where 
does  it  get  them  from  if  transported  sea-salt  does  not  enter  into  the 
composition  of  the  so-called  average  river- water  ?  Hiis  difficulty 
presented  itself  in  another  form  to  l£e  Bev.  Osmond  Fisher  when  ha 
asked :  '*  Whence  came  the  chlorine  ?  The  amount  of  0*01  per  cent 
stated  to  occur  in  crystalline  rooks  seems  insufficient"  (Gbok  Ma0.^ 
March,  1900,  p.  129). 

The  Age  of  the  JSarth, — ^Now  come  we  to  the  knotty  question  of  the 
bearing  of  the  foregoing  facts  on  the  rate  of  solvent  denudation  used 
as  a  measure  of  time.  Here  I  have  to  point  out  the  important  fact 
that  in  estimating  the  numerator  all  the  sodium  of  the  sea  hoe  heem 
eaiUulated  from  eodium  chloride.  This  involves  the  tacit  assumption 
that  all  the  sodium  going  into  the  sea  throughout  the  ages  has  either 
gone  there  allied  with  ohlorine  or  has  finally  taken  the  form  of 
aodium  chloride.  In  either  case  the  chemist's  convention  of  taking 
(Torino  as  a  measure  of  sodium  in  rain-  and  river- water  is  serviceable, 
and  cannot  involve  more  final  error  in  connection  with  this  problem 
than  that  indicated  by  the  ratio  of  these  elements  in  sea- water. 
Our  estimate  of  99  per  cent  for  cyclic  sea-salt  therefore  still 
stands,  and,  being  applied  to  Professor  Joly's  calculation,  brings 
the  age  of  the  Earth  to  over  8,000  millions  of  years ;  and  even  if 
we  were  inclined  to  be  prodigal  in  this  respect  and  only  deduct 
so  little  as  80  per  cent  for  cyclic  salt  the  age  of  the  Earth  would 
still  come  to  over  400  millions  of  years ! 

I  will  not  go  further  into  this  matter  here  than  to  point  out  that 
Professor  Joly's  grounds  for  making  an  allowance  of  10  per  cent 
for  cyclic  sea-salt  is  not  convincing  reading.  We  are  invited  to 
contrast  the  ohlorine  content  of  average  rtoer-water,  put  at  *d  part 
per  100,000,  with  the  chlorine  content  of  rainfall  at  Ootacamnnd  in 
India,  which  is  given  as  *04  part  per  100,000.  It  would  have  been 
more  conducive  to  progress  in  this  discussion  if  relevant  particulars 
had  been  given  of  the  Ootacamund  region.  Knowing  as  I  do  that 
chlorine  content  and  amount  of  rainfall  bear  an  Inverse  relation  to 
each  other,  and  that  in  some  parts  of  India  the  rainfall  is  prodigious 
in  amount^  any  isolated  fact  concerning  the  chlorine  content  of 
a  sample  of  rain  does  not  add  to  our  enlightenment,  because  for 
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anything  we  know  to  the  contrary  the  nearest  river- water  may  give 
no  higher  figure ;  the  Mahanuddy,  emptying  itself  into  the  Bay  of 
Bengal,  has  only  a  chlorine  content  of  *17  per  100,000  after  passing 
over  440  miles  of  its  course  (Nicholson,  Journ.  Chem.  Soc.,  1873, 
p.  229).  

IV. — ^Thb  Pbbiodioitt  op  Eabthquakss. 
By  B.  D.  Oldham,  Superintendent  of  the  (Geological  Surrey  of  India. 

MANY  are  the  attempts  that  have  been  made  to  discern  some  law 
in  the  occurrence  of  earthquakes,  and  to  trace  the  influence 
of  the  sun,  the  moon,  or  even  of  the  planets  as  a  cause,  if  partial, 
of  their  origin.  Many  patient  investigators  have  discovered,  or 
thought  they  have  discovered,  periods  of  fluctuating  seismic  activity, 
varying  in  length  from  semi-diurnal  to  annual  or  even  longer, 
but  so  conflicting  have  been  their  conclusions  that  little  weight 
can  be,  or  has  been,  attached  to  the  results  of  their  calculations ; 
and  one  of  the  most  industrious  of  all  these  investigators,  the 
Commandante  de  Montessus  de  Ballore,  has  declared  his  conviction 
that  no  periodicity  can  be  detected,  and  that  the  causes  of  earth- 
quakes are  purely  terrestrial  and  in  no  way  affected  by  any  celestial 
body.  Yet,  in  spite  of  this,  the  attempts  and  the  calculations  go 
on,  and  one  of  the  most  recent  of  these  is  a  discussion  by  Herr  M. 
Becke  of  some  three  hundred  earthquakes  recorded  in  the  r^on 
round  Elarlsbad  between  24th  October  and  25th  November,  1897.^ 

Tabulating  these,  according  to  the  hour  of  occurrence,  he  finds 
that  there  are  two  well-defined  maxima  at  about  three  hours  on 
either  side  of  midnight,  while  the  minimum  is  at  midday  with 
a  minor  one  at  midnight  He  rightly  observes  that  if  this  be  due 
to  the  influence  of  the  sun  a  similar  but  much  more  marked  relation 
should  be  observed  in  the  case  of  the  moon,  and  after  dividing 
each  lunar  day  into  twenty-four  hours  and  tabulating  the  earth- 
quakes according  to  this  lunar  time  he  finds  that  the  curve  of 
frequency  so  obtained  does  not  correspond  to  that  deduced  from 
solar  times.  From  this  he  concludes  that  the  apparent  maxima 
do  not  represent  real  maxima  of  occurrence  of  earthquakes,  but 
merely  maxima  of  record,  due  to  the  fact  that  slight  earthquakes, 
which  would  be  noticed  and  recorded  in  the  morning  and  evening 
hours  of  repose,  would  be  overlooked  in  the  active  prosecution  of 
daily  avocations,  or  in  the  slumber  of  the  night.  To  this  the  obvious 
objection  may  be  raised,  that  persons  who  are  asleep  by  midnight 
are  not  likely  to  be  awake  at  3  o'clock  in  the  morning. 

Apart  from  this,  there  seems  to  be  a  more  serious  flaw  in  the 
argument  Herr  Becke  appears  to  have  expected  that  the  curve 
of  frequency  by  lunar  time  should  show  maxima  at  about  three 
hours  on  either  side  of  the  time  of  lower  meridian  passage  of  the 
moon.  This  again  depends  on  the  assumption,  tacitly  made  by 
every  calculator  with  whose  work  I  am  acquainted,  that  the 
frequency  may  be  expected  to  be  a  function  of  the  hour  angle. 

^  M.  Becke,  *'  Bericht  iiber  das  Graalitzer  Erdbeben,  24  October  bis  25  NoTember, 
1897  " :  Sitzber.  k.  Akad.  Wise.  Wien,  1898,  CTii,  Abth.  1,  pp.  789-969. 
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This  would  be  true  if  the  frequenoy  were  snoh  a  funotion  of  the 
zenith  distance  of  the  son  or  moon  that  the  one  might  be  expected 
to  increase  or  decrease  continuously  with  the  other.  This  is, 
however,  by  no  means  necessarily,  or  even  probably,  the  case,  for 
if  the  attraction  of  the  sun  or  the  moon  have  any  effect  it  is  probably 
through  the  strains  set  up  by  the  tide-producing  forces. 

Now  these  have  three  separate  maxima  distributed  in  two  points 
and  three  circles :  at  the  extremities  of  the  diameter  pointing  to  the 
sun  or  moon,  as  the  case  may  be,  the  upward  vertical  tide-producing 
force  is  at  its  maximum;  the  maximum  of  the  downward  tide- 
producing  force  lies  along  the  great  circle  at  right  angles  to  this 
diameter;  while  the  maximum  horizontal  tide-producing  force  lies 
along  the  small  circles  half-wi^  between.  If,  then,  external  attraction 
is  in  any  way  the  cause  of  earthquakes,  we  may  look  for  the  frequency 
to  have  some  relation  to  the  times  of  passage  of  one  or  other  of  these 

feints  or  circles  over  the  place  where  the  earthquakes  originated, 
am  at  present  engaged  in  a  discussion  of  the  records  of  the  after- 
shocks of  the  great  earthquake  of  1897,  with  a  view  to  seeing 
whether  any  such  relation  can  be  traced  ;  the  discussion  is  not  yet 
far  enough  advanced  to  have  yielded  any  results,  and  the  matter 
would  not  have  been  referred  to  but  that  in  the  paper  quoted  above 
the  records  are  tabulated  in  a  form  which  makes  it  possible,  without 
lengthy  calculation,  to  roughly  test  the  hypothesis  that  the  frequency 
of  earthquakes  is  influenced  by  the  tide-producing  force  generated 
in  the  earth  by  the  sun  and  moon. 

The  three  hundred  earthquakes,  recorded  during  a  period  of  little 
over  a  lunar  month,  are  classified,  according  to  time  of  occurrences, 
and  ftlso  with  regard  to  the  phases  of  the  moon,  as  to  whether  the 
earthquake  occurred  nearer  to  the  syzygies  or  the  quadratures.  In 
th^^^ble  printed  below  the  figure  opposite  to  0  is  the  total  recorded 
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in  the  hour  preceding  and  that  following  the  lower  oulmTnation, 
that  opposite  2  being  the  total  recorded  between  one  and  three 
hours  after  the  lower  culmination,  and  so  on. 
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Taking  the  solar  times  first,  the  sun's  declination  was  sonth,  and 
increasing  slowly  throughout  the  period  of  the  record ;  the  mean 
Talue  may  he  taken  as  16^  south  and  the  mean  latitude  of  the 
•origins  of  the  earthquakes  50^  north.  Hence  the  sun  was  always 
more  than  60^  from  the  zenith  at  its  upper  culmination,  and  the  circle 
-of  maximum  horizontal  tide-producing  force  nearest  the  sun  never 
reached  the  place  of  origin  of  the  earthquakes.  That  furthest  awa^r 
from  the  sun  did,  however,  cross  this,  and  an  easy  calculation  shows 
that,  for  a  latitude  of  50^  north  and  a  declination  of  11^  south,  the 
times  of  crossing  would  be  about  2\  hours  before  and  after  midnight 
The  observed  maxima  accord  very  fairly  well  with  the  times  <^ 
passage  of  the  circle  of  maximum  horizontal  tide-producing  force 
due  to  the  attraction  of  the  sun. 

Turning  to  the  moon,  the  problem  is  not  so  simple,  for,  instead 
of  preserving  a  fairly  constant  declination  like  the  sun,  the  moon 
ranged  from  its  extreme  northerly  to  its  extreme  southerly  declina- 
tion. Luckily,  however,  the  syzygies  happened  to  nearly  coincide 
with  the  extreme  declinations,  while  the  quadratures  were  as  dose 
to  the  times  when  the  moon  crossed  the  equator.  Now  when  on 
the  equator  the  circles  of  maximum  horizontal  tide-producing  force 
would  never  reach  60^  north  latitude,  and  only  when  the  declination 
increased  to  5^  would  one  of  them  touch  it,  at  the  upper  or  lower 
culmination  as  the  case  might  be.  Moreover,  as  the  rate  of  change 
has  probably  more  effect  than  the  amount  of  the  force,  and  as  this 
rate  of  change  would  be  small  in  the  case  of  such  tangential  passage 
of  the  circle,  we  might  expect  the  effect  to  be  small,  but  so  far  as  it 
goes  to  show  a  slight  tendency  to  maxima  coincident  with  the  upper 
and  lower  culmination. 

As  a  matter  of  fact,  there  is  no  marked  sign  of  periodicity  except 
a  small  increase  in  frequency  about  the  upper  and  a  decrease  at  the 
lower  culmination  which  may  be  accidental. 

At  the  syzygies  the  moon  was  near  its  maximum  declination,  and 
for  a  declination  of  25^  one  circle  of  maximum  horizontal  tide- 
producing  force  would  never  touch  latitude  50^  north,  while  the 
other  would  cross  the  place  of  origin  at  five  hours  before  and  after 
the  upper  or  lower  culmination,  according  as  the  moon's  declination 
was  north  or  south.  As  the  declination  decreased  this  interval 
would  decrease,  but  would  not  fidl  much  below  three  hours  before 
the  moon  passed  the  half-way  point  between  the  syzygies  and 
quadratures;  and  as  the  declination  was  north  during  half  tbe 
period  of  reoord  and  south  during  the  other  half,  the  result  is 
that  we  should  expect  to  find  no  well-defined  maxima,  but  a  greater 
number  of  earthquakes  occurring  more  than  three  hours  from  the 
culminations  and  fewer  oocurring  within  three  hours  of  them. 
Such  is  practically  the  case,  and  the  aooordanoe  is  as  close  as  oould 
reasonably  be  expected  from  so  limited  a  record. 

So  far,  then,  from  ^e  tabulated  reenlts  showing  no  indioation  of 
-any  influence  of  the  sun  and  the  moon,  they  distinctly  support  ^tire 
hypothesis  of  a  maximum  frequency  at  the  time  of  passage  of  the 
circle  of  maximum  horizontal  tide-producing  force.    They  are  far 
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from  suffioient  to  establish  this  hypothesis,  but  as  it  has  been  dearly 
shown  that  there  is  no  relation  between  hoars  and  frequency  whioh 
holds  good  for  all  times  and  places,  it  is  in  this  direction  that 
investigation  must  now  be  turned  before  we  can  finally  say  that 
the  attraction  of  the  sun  and  moon  has  or  has  not  an  effect  on  the 
occurrence  of  earthquakes.  If  it  be  found  that  there  is  no  diurnal 
periodicity  corresponding  to  the  tidal  forces  produced  by  them,  it 
may  safely  be  said  that  any  periodicity  of  longer  period,  which  may 
appear  to  correspond  witJ^  the  movements  of  these  or  any  other 
heavenly  bodies,  cannot  be  due  to  their  attraction ;  and,  unless  wo 
assume  a  hyperphysical  or  astrological  influence  of  the  sun  and 
planets,  we  must  finally  conclude  that  earthquakes  are  as  purely 
terrestrial  in  their  cause  as  in  their  effect. 
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I.  —  British    Assooiation    fob    the    Advancement   of    Soienob. 
Glasgow,  September  12th,  1901. 

Address  to  thb  Gbolooioal  Section,  by  John  Hornb,  F.R.S.  L.  &  £., 
F.G.S.,  President  of  the  Section. 

Becent  Advances  in  Scottish  Geology. 

THE  return  of  the  British  Association  after  the  lapse  of  a  quarter  of 
a  century  to  the  second  city  of  the  empire,  which  since  1876  has 
undergone  remarkable  development,  due  in  no  small  measure  to  the 
mineiul  wealth  of  the  surrounding  district,  suggests  the  question,  Has 
Scottish  geology  made  important  advances  during  this  int^al  of  time  7 
Have  we  now  more  definite  knowledge  of  the  geological  svstems 
represented  in  Scotland,  of  their  structural  relations,  of  the  principles  of 
moimtain-building,  of  tne  zonal  distribution  of  organic  remains,  of  the 
volcanic,  plutonic,  and  metamorphic  rocks  so  largely  developed  within  its 
borders  ?  It  is  true  that  many  problems  still  await  solution,  but  anyone 
acquainted  with  the  history  of  geological  research  must  answer  these 
questions  without  hesitation  in  the  afiirmative.  In  the  three  great 
divisions  of  geological  investigation  —  in  stratigraphical  geolo^,  in 
palaeontology,  in  petrology — ^the  progress  has  indeed  been  remarkable. 

The  belt  of  Archaean  gneisses  and  schists,  which  may  be  said  to  form 
the  foundation-stones  of  Scotland,  have  been  mapped  in  great  detail  by 
the  Geological  Survev  since  1883  along  the  western  part  of  the  mainland 
in  the  counties  of  Sutherland  and  Ross.  In  that  region  they  occupy 
a  well-defined  position,  being  demonstrably  older  than  the  great 
sedimentary  formation  of  Torridon  Sandstone  and  overlying  Cambrian 
strata.  The  mapping  of  this  belt  by  the  Survey  staff  and  the  detailed 
study  of  the  roclci  both  in  the  field  and  with  the  microscope  by  Mr.  Teall 
have  revealed  the  complexity  of  the  structural  relations  of  these  crystalline 
masses,  and  have  likewise  thrown  considerable  light  on  their  history. 
These  researches  indicate  that,  in  the  North-West  Highlands,  the  Lewisian 
(Arch»an)  gneiss  may  be  resolved  into  (1)  a  fundamental  complex, 
composed  mainly  of  ^eisses  that  have  affinities  with  plutonic  igneous 
products,  and  to  a  limited  extent  of  crystalline  schists  which  may 
without  doubt  be  regarded  as  of  sedimentary  origin  ;  (2)  a  great  series  of 
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igneous  rocks  intrusive  in  the  fundamental  complex  in  the  form  of  dykes 
and  sills.^ 

The  rocks  of  the  fundamental  complex  which  have  affinities  with 
plutonic  igneous  products  occupy  the  greater  part  of  the  tract  between 
Cape  Wrath  and  Skre.  Mr.  Teall  has  shown  that  they  are  essentially 
composed  of  minerals  that  enter  into  the  composition  of  peridotites, 
gabbros,  diorites,  and  granites  ;  as,  for  example,  olivine,  hypersthene, 
augite  (including  dialla^),  hornblende,  biotite,  plagiocla^,  orthoclase, 
microcline,  and  quartz.  In  1894  he  advcmced  a  classification  of  these 
rocks,  based  mainly  on  their  mineralo^cal  composition  and  partly  on 
their  structure,  which  has  the  great  ment  of  being  clear,  comprehensive, 
and  independent  of  theoretical  views  as  to  the  history  of  the  rock-masses. 
Stated  broadly,  the  principle  forming  the  basis  of  classification  of  three 
of  the  groups  is  the  nature  of  the  dominant  ferro-magnesian  constituent, 
viz.,  pyroxene,  hornblende,  or  biotite,  while  the  members  of  the  fourth 
«roup  are  composed  of  ferro-magnesian  minerals  without  felspar  or  quartz.' 
The  detailed  mapping  of  the  region  has  shown  that  these  rock-groups  have 
■a  more  or  less  definite  geographical  distribution.  Hence  the  belt  of 
Lewisian  gneiss  has  been  divided  into  three  districts,  the  first  extending 
firom  Cape  Wrath  to  Loch  Laxford,  the  second  from  near  Scourie  to 
beyond  Ixxjhinver,  and  the  third  from  Gruinard  Bay  to  the  island  of 
Baasay.  In  the  central  area  (Scourie  to  Lochinver)  pyroxene  gneisses  and 
oltrabasic  rocks  (pyroxenites  and  homblendites)  are  specially  developed, 
while  the  granular  hornblende  rocks  (hornblende  gneiss  proper)  and  the 
biotite  gneisses  are  characteristic  of  the  northern  and  southern  tracts. 
These  are  the  facts,  whatever  theory  be  adopted  to  explain  them. 

In  those  areas  where  the  original  structures  of  the  Lewisian  gneiss  have 
not  been  effiiced  by  later  mechanical  stresses  it  is  possible  to  trace  knots, 
bands,  and  lenticles  of  unfoliated,  ultrabasic,  and  basic  rocks,  to  note  the 
imperfect  separation  of  the  ferro-magnesian  from  the  quartzo-felspathic 
constituents,  to  observe  the  gradual  development  of  mineral  banding  and 
the  net-like  ramification  of  acid  veins  in  the  massive  gneisses.  Many  of 
these  rocks  cannot  be  appropriately  described  as  gneiss.  Indeed, 
Mr.  Teall  has  called  attention  to  the  close  analogy  between  these 
structures  and  those  of  plutonic  masses  of  young^  date. 

In  the  Report  on  Survey  Work  in  the  iforth-West  Highlands  published 
in  1888,  the  parallel  banding,  or  first  foliation,  as  it  was  then  termed,  of 
these  original  gneisses  was  ascribed  to  mechanical  movement.*  But  the 
paper  on  **  Banded  Structure  of  Tertiary  Gabbros  in  Skye,"  by  Sir 
A.  Geikie  and  Mr.  Teall,^  throws  fresh  light  on  this  question.  In  that 
jregion  the  gabbro  displays  the  alternation  of  acid  and  basic  folia^  the 
crumpling  and  folding  of  the  bands  like  the  massive  gneisses  of  the 
Lewisian  complex.  Obviously  in  the  Skye  gabbro  the  structures  cannot 
be  due  to  subsequent  earth-movements  and  deformation.  The  authors 
maintain  that  they  are  original  structures  of  the  molten  magma,  and, 
<x)nscquently,  that  much  of  the  mineral  banding  of  the  Lewisian  gneisses, 
as  distinguished  from  foliation,  may  be  due  to  the  conditions  under  which 
the  igneous  magma  was  erupted  and  consolidated.  Whatever  theory  be 
adopted  to  explain  the  original  mineral  banding  of  the  Lewisian  gneisses, 

1  Report  on  the  Recent  Work  of  the  Geological  Survey  in  the  North -Weet 
Highlands  of  Scotland,  based  on  the  field-notes  and  maps  oi  Messrs.  B.  N.  Peach, 
J.  Home,  W.  Onnn,  C.  T.  Clough,  L.  W.  Hinxman,  and  H.  M.  Cadell :  Quart. 
Journ.  Geol.  Soc.,  yol.  xliv,  p.  887 ;  and  Ann.  Rep.  Qeol.  Surr.,  1894,  p.  280,  and 
1895,  p.  17. 

'  Ann.  Rep.  Geol.  Surr.,  1894,  p.  280. 

3  Quart  Journ.  Geol.  Soc.,  yol.  xliv,  p.  400. 

^  Ibid.,  vol.  L,  p.  645. 
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it  is  certain  that  they  poBsessed  this  banding,  and  were  thrown  into  gentle 
folds  before  the  uprise  of  the  later  intrusive  aykes. 

The  orystalline  schists  that  have  afiftnities  with  rocks  of  sedimentary 
origin  occupy  limited  areas  north  of  Loch  Maree  and  near  Gairloch.  Tho 
prominent  members  of  this  series  are  quartz  schists,  mica  schists, 
graphitic  schists,  limestones  and  dolomites  with  tremolite,  garnet  and 
epidote.^  They  are  there  associated  with  a  massiye  sill  of  epidiorite  and 
hornblende  schist.  The  relations  which  these  altered  sediments  bear  to 
the  gneisses  that  have  affinities  with  plutonic  i^eous  products  haye  not 
been  satisfactorily  determined.  But  the  detailed  mapping  has  proved 
that  north  of  Loch  Maree  they  rest  on  a  platform  of  Lewisian  sneiss,  and 
Me  visibly  overlain  by  gneiss  with  basic  dykes  (Meall  Riabhach),  and 
tliat  both  the  gneiss  complex  and  altered  sediments  have  been  affected 
by  a  common  system  of  folds.  In  the  field,  bands  of  mylonized  rock 
have  been  traced  near  the  base  of  the  overlying  cake  of  gneiss,  and  the 
microscopic  exammation  of  Uie  latter  by  Mr.  Teeil  has  revealed  catadastio- 
structures  due  to  dynamic  movement.  It  is  obvious,  therefore,  thaty 
whatever  may  have  been  the  original  relations  of  the  altered  sedunents 
to  the  gneiss  complex,  these  have  been  obscured  by  subeequoit  earth* 


The  great  series  of  later  igneous  rocks  which  pierce  the  fundamental 
complex  in  the  form  of  dykes  and  sills  is  one  of  the  remarkable  features 
in  the  histoiy  of  the  Lewisian  gneiss.  In  1895  Mr.  Teall  advanced 
a  classification  of  them,'  but  his  recent  researches  show  that  they  ar& 
of  a  much  more  varied  character.  For  our  present  purpose  we  may  omit 
the  dykes  of  peculiar  composition  and  refer  to  the  dominant  types.  These 
QOBopriae :  ^1)  ultrabasio  rocks  (peridotite),  (2)  basic  (doleriteand  epidiorite, 
and  (a)  acia  (granite  and  pegmatite).  The  evidence  in  the  fieM  points 
to  the  conclusion  that  the  ultrabaaio  rocks  cut  the  basic,  and  that  the 
granite  dvkes  were  intruded  into  the  gneisses  after  the  eruption  of  the 
basic  dykes.  The  greater  number  of  these  dykes  consists  of  bssio 
materials.  It  is  important  to  note  that  the  basic  rocks  best  preserve 
their  normal  dyke-like  features  in  the  central  tract  between  Scourie  and 
Lochinver,  where  they  traverse  the  pyroxene  gneisses.  But  southwards 
and  northwards  of  that  tract,  in  distncts  where  they  have  been  subjected 
to  purest  dynamic  movement,  they  appear  as  bands  of  hornblende  schist^ 
which  are  difficult  to  separate  from  the  fundamental  complex.  The  acid 
iateusions  are  largely  aeveloped  in  the  northern  tract  between  Laxford 
and  Durness ;  indeeo,  at  certain  localities  in  that  region  the  massive  and 
foliated  granite  and  pegmatite  are  as  conspicuous  as  the  biotite  gneisses 
and  hemblende  gneisses  with  which  they  are  associated 

After  the  empticm  of  the  various  intrusive  dykes  the  whole  area  was- 
snbjected  to  enormous  terrestrial  stresses^  which  profoundly  affected  the 
fundamental  complex  and  the  dykes  which  traverse  it.  These  lines  of 
movement  traverse  the  Lewisian  plateau  in  various  directions,  producing 

S lanes  of  disruption,  molecular  rearrangement  of  the  minerals,  and  the 
evelopment  of  foliation.  It  seems  to  be  a  general  law  that  the  new 
planes  of  foliation  boUi  in  the  gneiss  and  dykes  are  more  or  less  parallel 
with  the  planes  of  movement  or  disruption.  If  the  latter  be  verincal  or 
nearly  horizontal  the  inclination  of  the  foliation  planes  is  found  to  vary 
aeoordingly. 

.  Close  to  the  well-defined  disruption  planes,  like  those  between  Scourie 
and  Eylesku,  the  gneiss  loses  its  low  angle,  and  is  thrown  into  sharp  folds, 
the  axes  of  which  are  piuraJlel  with  the  planes  of  movement    The  foHa 

1  Ann.  Bep.  GeoL  Surv.,  1895,  p.  17. 
*  Ibid.,  p.  18. 
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are  attenaated,  there  is  a  molecular  rearrangement  of  the  minerals,  and 
the  resultant  rock  is  a  granulitic  gneiss.  Ladeed^  the  evidence  in  the 
field,  which  has  been  confirmed  bj  the  microscopic  examination  of  the 
rocks  by  Mr.  Teall,  seems  to  show  that  graniilitic  biotite  and  hornblende 
gneisses  are  characteristic  of  the  zones  of  secondary  shear.  A  further 
result  of  these  earth-stresses  is  the  plication  of  the  original  gneisses  in 
sharp  folds,  trending  N.W.  and  S.E.  and  E.  and  W.,  and  the  partial 
or  complete  recrystallization  of  the  rocks  along  the  old  planes  of  mineral 
banding;. 

In  like  manner,  when  the  basic  dykes  are  obliquely  trayersed  by  lines 
of  disruption,  they  are  deflected,  attenuated,  and  within  the  shear  zones 
^pear  frequently  as  phacoidal  masses  amid  the  reconstructed  gneiss. 
Tnese  phenomena  are  accompanied  by  the  recrystallization  of  the  rock 
and  its  metamorphosis  into  hornblende  schist.  Similar  results  axe 
obseryable  when  the  lines  of  movement  are  parallel  with  the  course  of 
the  dykes.  All  the  stages  of  change  from  the  massive  to  the  schistose 
rock  can  be  traced — ^the  replacement  of  the  pyroxene  by  hornblende,  the 
conversion  of  the  felspar,  cmd  the  development  of  graniilitic  structure  with 
foliation.  Here  we  nave  an  example  of  the  pnenomena  developed  on 
a  larger  scale  by  the  Post-Cambrian  movements,  viz.,  the  production  of 
oommon  planes  of  schistosity  in  rocks  separated  by  a  vast  interval  of  time, 
quite  irrespective  of  their  original  relations.  For  both  gneiss  and  dykes 
have  conmion  planes  of  foluttion,  resulting  from  earth-stresses  inl're- 
Torridonian  time. 

It  is  important  to  note  also  that  linear  foliation  is  developed  in  the 
basic  dykes  where  there  has  been  differential  movement  of  the  constituents 
in  folded  areas.  In  the  case  of  the  anticline  mapped  bv  Mr.  Clough,  near 
Poolewe  in  Ross-shire,  he  has  shown  that  the  Imear  foliation  is  parallel 
with  the  pitch  of  the  folds.  All  these  phenomena  tend  to  confirm  the 
conclusions  arrived  at  by  Mr.  Teall,  and  published  in  his  well-known  paper 
"  On  the  Metamorphosis  of  Dolerite  into  Hornblende  Schist."  ^ 

The  ultrabasic  and  acid  rocks  likewise  occur  in  the  schistose  form,  for 
the  peridotites  pass  into  talcose  schists  and  the  granite  becomes  gneissose. 

In.  connection  with  the  development  of  schistosity  in  these  later 
intrusive  rocks  it  is  interesting  to  observe  that  where  the  basic  dykes 
merge  completely  into  hornblende  schist,  and  seem  to  become  an  intc^;ral 
part  of  the  fundamental  complex,  biotite  gneisses  and  nranular  hornblende 
gneisses  prevail  Whatever  be  the  explanation  uie  relationship  is 
Biusestive. 

The  unoonfbrmability  between  the  Lewiaian  gneiss  and  the  overlving 
Torridon  Sandstone,  which  was  noted  by  MaocuUoch  and  confirmed  by 
later  observers,  must  represent  a  vast  lapse  of  time.  When  tracing  this 
hasp  line  southwards  through  the  counties  of  Sutherland  and  Boss,  smking' 
evidence  was  obtained  by  the  Geological  Survey  of  the  denudation  of  that, 
dd  land  surface.  In  the  mountainous  region  between  Loch  Maree  and 
Loch  Broom  it  has  been  carved  into  a  series  of  deep  narrow  valleys  with, 
mountains  rising  to  a  height  of  2,000  feet.  In  that  region  it  is  possibia 
to  trace  the  orientation  of  that  buried  mountain  chain  and  the  durection 
of  some  of  the  old  river  courses.  This  renmant  of  Archsdan  topography 
must  be  regarded  as  one  of  the  remarkable  features  of  that  interesting 
recpon. 

In  1893  the  various  divisions  of  the  Tomdon  Sandstone,  as  developed 
between  Cape  Wrath  and  Skye,  were  tabulated  by  the  Geological  Survey, 
and  may  here  be  briefly  summarized.  They  form  three  groups  :  a  lower, 
composed  of  epidotic  grits  and  conglomerates,  dark  and  grey  shales. 

^  Qnart.  Jonrn.  GeoL  Sb<k,  vol.  xli,.p.  138. 
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with  calcareous  bands,  red  sandstones,  and  grits  ;  a  middle,  consisting 
of  a  gr&Bkt  succession  of  false-bedded  grits  and  sandstones  ;  an  upper, 
comprising  chocolate-coloured  sandstone,  micaceous  flags  with  dark 
shales  and  calcareous  bands.  The  total  thickness  of  this  great  pile  of 
sedimentary  deposits  must  be  upwards  of  10,000  feet,  and  if  Mr.  Clough's 
estimate  of  the  development  of  the  lower  group  in  Skye  be  correct,  this 
"Of  


amount  must  be  considerably^  increased.  Of  special  interest  is  the 
evidence  bearing  on  the  stratigraphical  variation  of  the  Torridon  Sand- 
stone when  traced  southwards  across  the  counties  of  Sutherland  and  Ross. 
The  lower  group  is  not  represented  in  the  northern  area,  but  southwards, 
in  Ross-shire,  it  appears,  and  between  Loch  Maree  and  Sleat  varies  from 
600  to  several  thousand  feet  in  thickness.  These  divisions  of  the  Torridon 
Sandstone  are  of  importance  in  view  of  the  correlation  of  certain  sediments 
in  IsW  with  the  middle  and  lower  Torridonian  groups  which  there  rest 
unconiormably  on  a  platform  of  Lewisian  gneiss. 

In  continuation  of  the  researches  of  Dr.  Hicks,  published  in  his  paper 
"  On  Pre-Cambrian  Rocks  occurring  as  Fragments  in  the  Cambrian  Con- 
glomerates in  Britain,"  ^  Mr.  Teall  has  speciallv  investigated  the  pebbles 
foimd  in  the  Torridon  Sandstone.  The  local  basement  breccias  of  that 
formation  have  doubtless  been  derived  from  the  platform  of  Lewisian 
gneiss  on  which  they  rest,  but  the  pebbles  found  in  the  coarse  arkose  tell 
a  different  story.'  He  has  found  that  they  comprise  quartzites  showing 
contact  alteration,  black  and  yellow  cherts,  jaspers  with  spherulitic 
structures  which  indicate  that  they  have  been  formed  by  the  sihcification 
of  liparites  of  the  *  Lea-rock'  type  and  spherulitic  felsites  that  bear 
a  striking  resemblance  to  those  of  Uriconian  age  in  Shropshire.  These 
interesting  relics  have  been  derived  from  formations  which  do  not  now 
occur  anywhere  in  the  western  part  of  the  counties  of  Sutherland  and 
Ross,  and  they  furnish  impressive  testimony  of  the  denudation  of  the 
Archaean  plateau  in  Pre-Torridonian  time. 

These  Torridonian  sediments,  like  the  sandstones  of  younger  dat^ 
contain  lines  of  heavy  minerals,  such  as  magnetite,  ilmenite,  zircon,  ana 
rutile.*  The  dominant  felspar  of  the  arkose  group  is  microcline,  that  of 
the  basal  group  oligoclase.  In  the  calcareous  sediments  of  the  upper  and 
lower-  groups  fossils  might  naturally  be  expected,  but  the  search  so  far  has 
not  been  very  successfiS.  Certain  phosphatic  nodules  have  been  found  in 
dark  micaceous  shales  of  the  upper  group  which  have  been  examined  by 
Mr.  Teall.  From  their  chemical  composition  these  nodules  might  be 
regarded  as  of  organic  origin  ;  but  he  has  found  that  they  contain  spherical 
cells  with  brown-coloured  fibres,  which  appear  to  be  debris  of  organisms.* 

Early  in  last  century  the  Torridonian  deposits  were  referred  by  Mac- 
cuUoch  •  and  Hay  Cunnineham*  to  the  *  Primary  Red  Sandstone,'  and  by 
Murchison,'  Sedgwick,  and  Hugh  Miller  to  the  Old  Red  Sandstone.  The 
structural  relations  of  the  Torridon  Sandstone  to  the  overlving  series  of 
quartzites  and  limestones  were  first  clearly  shown  by  Professor  Nicol,' 
who  traced  the  unconformability  that  separates  them  for  100  miles  across 
the  counties  of  Sutherland  and  Ross.  When  Salter  pointed  out  the 
Silurian  facies  of  the  fossils  found  in  the  Durness  Limestone  by  Mr.  Charles 
Peach,  the  Torridonian  formation  was  correlated  with  the  Cambrian  rocks 

1  Gbol.  Mao.,  Dec.  Ill,  Vol.  VII  (1890),  p.  516. 
'  Ann.  Hep.  Geol.  Surv.,  1896,  p.  20. 
'  Ann.  Rep.  Geol.  Siur.,  1893,  p.  268. 

*  Ibid.,  1899,  p.  186. 

•  Trans.  Geol.  Soc.,  ser.  i,  vol.  ii,  p.  460 ;  "  The  Western  Isles  of  Scotland," 
vol.  ii,  p.  89. 

*  Trans.  Highland  and  Agricoltoral  Society  of  Scotland,  vol.  xiii  (1839). 
'  Trans.  Geol.  Soc.,  ser.  n,  vol  iii,  p.  166. 

•  Quart.  Jonm.  Geol.  Soc.,  vol.  xiii,  p.  17. 
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<of  Wales  bj  Murchison.^  The  discovery  of  the  OleneUus  fauna,  mdicatmg 
the  lowest  division  of  the  Cambrian  system,  in  the  quartsdte-limestone 
series  by  the  Geological  Survey  in  1891  *  demonstrated  the  Pre-Cambrian 
age  of  the  Torridon  Sandstone.  In  view  of  that  discovery,  which  proves 
the  great  antiquity  of  the  Torridonian  sediments,  it  is  impossible  to  climb 
those  picturesque  mountains  in  Assynt  or  Applecross  without  being 
impressed  with  the  unaltered  character  of  these  deposits.  Yet  it  can  be 
shown  that  under  the  influence  of  Post-Cambrian  movements  they  approach 
the  type  of  crystalline  schists. 

Before  proceeding  to  the  consideration  of  the  Durness  series  of  quartzites 
and  limestones  and  their  relations  to  the  Eastern  Schists,  brief  reference 
must  be  made  to  the  controversy  between  Murchison  and  Nicol  regarding 
the  sequence  of  the  strata. 

The  detailed  mapping  of  the  belt  between  Eriboll  and  Skye  by  the 
Oeological  Survey  has  completely  confirmed  Nicol's  conclusions  (I)  that 
the  limestone  is  the  highest  member  of  the  Durness  series  ;  (2)  that  the 
so-called  *  Upper  Quartzite'  and  *  Upper  Limestone'  of  Murchoson's  sections 
are  merely  the  repetition  of  the  lower  quartzite  and  limestone  due  to  faults 
or  folds ;  (3)  that  there  is  no  conformable  sequence  from  the  quartzites 
and  limestones  into  the  overlying  schists  and  gneiss  ;  (4)  that  the  line  of 
junction  is  a  line  of  fault  indicated  by  proofs  of  fracture  and  contortion  of 
the  strata.  It  is  true  that  in  the  course  of  his  investigations  NicoFs  views 
underwent  a  process  of  evolution,  and  that  even  in  the  form  in  which  he 
ultimately  presented  them  he  did  not  grasp  the  whole  truth.  We  now 
know  that  ne  was  in  error  when  he  regarded  portions  of  the  Archsoan 
gneiss,  occurring  in  the  displaced  masses,  as  igneous  rocks  intruded  during 
the  earth-movements,  and  that  he  failed  to  realize  the  evidence  bearing  on 
dynamic  metamorphism  resulting  from  these  movements.  But  I  do  not 
doubt  that  the  verdict  of  the  impartial  historian  will  be  that  Nicol  dis- 
played the  qualities  of  a  great  stratigraphist  in  grappling  with  the  tectonics 
of  one  of  the  most  complicated  mountain  chains  in  Europe. 

The  period  now  under  review  embraces  the  reopening  of  that  controversy 
in  1878  by  Dr.  Hicks,  and  its  close  in  1884  after  the  publication  of  the 
"Report  on  the  Geology  of  the  North- West  of  Sutherland  "  by  the  Geo- 
logic^ Survey.'  The  Survey  work  has  confirmed  Professor  Bonney's 
identification  of  the  Lewisian  gneiss  and  Torridon  Sandstone  in  Glen 
Logan,  Einlochewe,^  brought  into  that  position  by  a  reversed  fault ;  and 
Dr.  Callaway's  conclusions  regarding  overthrust  niulting  at  Loch  Broom, 
in  Assynt  and  in  Glencoul.^  Special  reference  must  be  made  to  the 
jremarkable  series  of  papers  by  Professor  Lapworth  on  "  The  Secret  of  the 
Highlands,*'  in  which  he  demonstrated  the  accuracv  of  Nicol's  main  con- 
clusions, and  pointed  out  that  the  stratigraphical  phenomena  are  but  the 
counterpart  of  those  in  the  Alps  as  described  by  Heim.*  His  researches, 
moreover,  led  him  to  a  departure  firom  Professor  NicoPs  views  regarding 
the  age,  composition,  and  mode  of  formation  of  the  Eastern  Schists,  for  in 
the  paper  which  he  communicated  to  the  Geologists'  Association  in  1884 
lie  announced  that  their  present  foliated  and  mineralogical  characters  had 
been  developed  by  the  crust-movements  which  operated  in  that  region 
since  the  time  of  the  Durness  quartzites  and  limestones.^    Allusion  must 

'  Ibid.,  vol.  zv,  p.  353. 

»  Ibid.,  vol.  xlviu,  p.  227. 

'  Jiature,  vol.  xxxi,  p.  29,  November,  1884. 

*  Quart.  Joum.  Geol.  Soc.,  vol.  zxxvi,  p.  93. 

*  Ibid.,  vol.  xnojL,  p.  416. 

*  Gbol.  Mao.,  Dec.  II,  Vol.  X  (1883),  pp.  120,  193,  337. 

^  Proc.  Oeol.  Assoc.,  vol.  viii,  p.  438  ;  Gbol.  Mao.,  Dec.  Ill,  Vol.  11  (1885), 
p.  97. 
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be  made  also  to  his  ^reat  paper  "  On  the  Discovery  of  the  OUndlui  Fauna* 
in  the  Lower  Oambnan  Rocks  of  Britain/'  in  which  he  not  onlj  chronicled 
the  finding  of  this  fauna  at  the  top  of  the  basal  quartzite  in  Shropshire, 
but  suggested  the  correlation  of  tne  Durness  quartzites  and  limestones 
with  t£e  Cambrian  rocks  elsewhere.^  That  suggestion  was  stnkinglj 
oonfirmed  within  three  years  aftent^uxls  by  the  disooveiy  of  the  Olendlu^ 
&una  in  Ross-shire. 

The  detailed  mapping  of  the  belt  of  Cambrian  strata  has  proved  the 
striking  uniformity  of  the  rock  sequence.  There  is  little  variation  in  tha 
lithologlcal  characters  or  thicknesses  of  the  various  zones.  Basal  quartzites, 
mpe-rock,  Fucoid-beds,  Serpulite  (SaUerella)  grit,  limestone,  and  dolomite 
lorm  the  invariable  sequence,  for  a  distance  of  a  hundred  miles,  to  the  west 
of  the  line  of  earth-movements.  This  feature  is  also  characteristic  of  the 
Ibssiliferous  zones,  for  the  sub-zones  of  the  pipe-rock,  the  dendlus  fauna  in 
the  Fucoid-beds,  and  the  Salterella  limestone  have  been  traced  from  EriboU 
to  Skye.  Owing  to  the  interruption  of  the  sequence  by  reversed  feuilts  or 
thrusts,  the  higher  fossiliferous  limestone  zones  are  never  met  with  between 
£riboll  and  Kishom,  but  they  occur  in  Skye,  where  they  were  first  detected 
by  Sir  A.  Geikie.' 

Regarding  the  palsdontologioal  divisions  of  the  system,  my  colleague, 
Mr.  Peach,  concludes  *Hhat  the  presence  of  three  species  of  Olenelltu  in. 
the  Fucoid-beds  and  Serpulite  grit  of  the  North- West  Highlands,  nearly 
allied  to  the  American  form  Olendlvs  ThonuorU — the  tyi>e  species  of  the 
iponus — together  with  ff^olithes,  Salterella^  and  other  organisms  found  with 
it,  prove  that  these  beds  represent  the  Georgian  terrane  of  America,  which,, 
as  shown  by  Waloott,  imderlies  the  Faradoxides  zone."  Hence  he  infei» 
that  there  can  be  no  doubt  of  the  Lower  Cambrian  age  of  the  beds  yielding 
l^e  OleneUue  fauna  in  the  North- West  Highlands.  Mr.  Peach  further 
oonfirms  Salterns  opinion  as  to  the  American  facies  of  the  fossils  obtained 
from  the  higher  fossiliferous  zones  of  the  Durness  dolomite  and  limeetoneu 
He  states  that  "the  latter  fauna  is  so  similar  to,  if  not  identical  with,  that 
occurring  in  Newfoundland,  Mingan  Islands,  and  Point  Levis,  beneath 
strata  yielding  the  Phyllograptus  fauna  of  Arenig  age,  that  the  beds  must  be 
regarded  as  belonging  to  the  higher  divisions  of  the  Cambrian  formation.'^' 

The  intrusive  igneous  rocks  of  the  Assynt  region,  of  later  date  than 
Cambrian  time,  and  yet  older  than  the  Post-Cambrian  movements,  have- 
been  specially  studied  by  Mr.  Teall,  who  has  obtained  results  of  special 
importance  from  a  petrological  point  of  view.  This  petrc^raphical  province 
emoraces  the  plutonic  complex  of  Cnoc  na  Sroine  and  Loch  Bordan,  and 
the  numerous  sills  and  dykes  that  traverse  the  Cambrian  and  Toiridcmian 
sediments,  and  even  the  underlying  platform  of  Lewisian  gneiss.  He 
infiars  that  the  plutonic  rocks  have  been  formed  by  the  consolidation  of 
alkaline  magmas  rich  in  soda.  At  the  one  end  of  the  series  is  the  quartz- 
syenite  of  Cnoc  na  Sroine,  and  at  the  other  the  basic  augite-syenita,. 
nephdine- syenite,  and  borolanite.  The  basic  varieties  occur  on  tha 
margin,  and  the  acid  varieties  in  the  centre.  The  siUs  and  dykes  comprise 
two  well-marked  types,  camptonites  or  vogesites,  and  felsites  with  alkali 
felspar  and  eegirine,  which  he  believes  to  represent  the  dyke  form  of  the- 
ma^as  that  gave  rise  to  the  plutonic  mass.' 

The  striking  feature  in  the  geologv  of  the  North-West  Highlands  is  the 
evidence  relatmg  to  those  terrestrial  movements  that  affected  that  nnon 
in  Post-Cambrian  times,  which  are  without  a  parallel  in  Britain.  The 
geological  structures  produced  by  these  displacements  are  extremely  com- 
plicated, but  the  vast  amount  of  evidence  obtained  in  the  course  of  the 

1  Geol.  Mao.,  Dec.  HI,  Vol.  V  (1888),  pp.  484-487. 

'  Quart.  Joum.  Oeol.  Soc.,  vol.  xut,  p.  62. 

»  Gbol.  Mao.,  Dec.  IV,  Vol.  VII  (1900),  p.  385. 
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earvej  of  that  belt  clearly  proves  that,  though  the  sections  vary  indefinitely 
along  the  line  of  complication,  they  have  certain  features  in  common  whicn 
throw  much  liffht  on  the  tectonics  of  that  mountain  chain.  Some  of  these 
features  may  thus  be  briefly  summarized  : — 

1.  By  means  of  lateral  compression  or  earth-creep  the  strata  are  thrown 
into  a  series  of  inverted  folds  which  culminate  in  reversed  faults  or  thrusts. 

S.  Without  incipient  folding,  the  strata  are  repeated  by  a  series  of  mmor 
thrusts  or  reversea  faults  which  lie  at  an  oblique  angle  to  the  major  thrust- 
planes  and  dip  in  the  direction  from  whidi  the  pressure  came,  tlmt  is,  from 
the  east 

3.  By  means  of  major  thrusts  of  varying  magnitude  the  following 
stniotures  are  producea :  (a)  the  piled-up  Cambrian  strata  are  driven 
westwards  along  planes  fonued  bv  the  underlying  undisturbed  materials ; 
(b)  masses  of  Lewisian  gneiss,  Torridon  Sandstone,  and  Cambrian  rocka 
are  made  to  override  the  underlying  piled-up  strata;  (c)  the  Eastern 
Schists  are  driven  westwards  and,  in  some  cases,  overlap  all  major  and 
minor  thrusts  till  they  rest  directlv  on  the  undisturbed  Cambrian  strata. 

When  to  these  features  are  aaded  the  effects  of  normal  faulting  and 
prolonged  denudation,  it  is  possible  to  form  some  conception  of  the 
evolution  of  those  extaraordinary  structures  which  are  met  with  in  that 
region.  Some  of  the  features  just  described  occur  in  other  mountain 
chains  afifected  by  terrestrial  movement,  as  in  the  Alps  and  in  Provence  'r 
but  there  is  one  which  appears  to  be  peculiar  to  the  North- West  Highlands. 
It  is  the  remarkable  overlap  of  the  Moine  Thrust-plane — the  most  easterly 
of  the  great  lines  of  displacement.  Along  the  southern  confines  of  the  wild 
and  complicated  region  of  Assynt,  that  plane  can  be  traced  westwards  for 
a  distance  of  six  mUes  to  the  Knockan  cliff,  where  the  micaceous  flagstones 
rest  on  the  Cambrian  Idmeetone.  In  Durness  we  find  an  outlier  of  the 
Baotem  Schists  reposing  on  Cambrian  Limestone,  there  preserved  by 
Dermal  feults,  at  a  distance  of  about  ten  miles  from  the  mass  of  similar 
sdiists  east  of  Loch  Eriboll,  with  which  it  was  ori^ally  continuous. 

Though  many  of  these  structures  i^pear  incredible  at  first,  it  is  worthy 
of  note  that  some  have  been  reproduced  experimentally  by  Mr.  CadelL' 
He  took  layers  of  sand,  loam,  clay,  and  plaster  of  Paris,  and  after  the- 
maiterials  had  set  into  hard  brittle  lamincB,  in  imitation  of  sedimentary 
strata,  he  applied  horizontal  pressure  under  varying  conditions.  The 
rwnlte,  some  of  which  may  here  be  given,  were  remarluible. 

1.  The  compressed  mass  tends  to  find  relief  along  a  series  of  gently 
iBotined  thrust-planes,  which  dip  towards  the  side  from  which  pressure  is* 
eierted. 

2.  After  a  certain  amount  of  heaping  up  along  a  series  of  minor  thrust^ 
planes,  the  heaped-up  mass  tends  to  rise  and  ride  forward  bodily  along 
niMor  thrust-planes. 

a.  The  front  portion  of  a  mass  being  pushed  along  a  thrust-plane  tends^ 
to  b^id  over  and  curve  under  the  back  portion. 

4.  A  thrust-plane  below  may  pass  into  an  anticline  above ;  and  a  major 
thrust-plane  above  may  and  probably  alwavs  does  originate  in  a  fold  below. 

Now  these  important  experiments  confirm  the  conclusion  reached  by 
the  Geological  Survey  from  a  study  of  the  phenomena  in  the  field,  vix.,  thi^ 
under  the  influence  of  horizontal  compression  or  earth-creep  the  rocks  in. 
that  region  behaved  like  brittle  rigid  bodies  wluch  snapped  aoroas,  were 
piled  up,  and  driven  westwards  in  successive  slices.  But,  further,  these 
displacenients  were  accompanied  by  differential  movement  of  the  materials- 
which  resulted  in  the  development  of  new  structures.  These  phenomena, 
culminate  along  the  belt  of  rocks  in  immediate  association  with  the  Moine 

^  Tram.  Roy.  Soc.  Edinburgh,  vol.  xzxy,  p.  337. 
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Thrust)  where  the  outcrop  of  that  thrust  lies  to  the  east  of  a  broad  belt  of 
displaced  materials.  There,  Lewisian  eneiss,  Torridon  Sandstone,  and 
Cambrian  quartzite  are  sheared  and  rolled  out,  presenting  new  divisional 
planes  jpan^el  with  that  of  the  Moiue  Thrust.  The  Lewisian  gneiss 
shades  mto  flaser  gneiss  and  schist,  and  ultimately  passes  into  a  banded 
rock  like  a  platj  schist.  The  pegxnatites  show  fluxion  structure  with 
felspar  *  ejes  like  that  of  the  rhjolites.  At  intervals  in  these  zones  of 
highly  sheared  rocks,  phacoidal  masses  of  Lewisian  gneiss  appear,  in 
which  the  Pre-Torridonian  structures  are  not  wholly  effiaiced.  Tne  sills  of 
camptonite  and  felsite  intrusive  in  the  Cambrian  rocks  become  schistose, 
and  together  with  the  sediments  in  which  thev  occur  appear  in  a  lenticular 
form.  All  these  mylonized  rocks  show  a  characteristic  striping  on  the 
divisional  planes,  due  to  orientation  of  the  constituents  in  the  direction  of 
movement. 

Still  more  important  evidence  in  relation  to  the  question  of  regional 
metamorphism  is  furnished  by  the  Torridon  Sandstone.  In  the  case  of 
the  basal  conglomerate  the  pebbles  have  been  flattened  and  elongated,  and 
a  fine  wavy  structure  has  been  developed  in  the  matrix.  In  the  district  of 
Ben  More,  Assynt,  planes  of  schistosity,  more  or  lees  parallel  with  the 
planes  of  the  Ben  More  Thrust,  pass  downwards  from  the  Torridon  con- 
glomerate into  the  underlying  gneiss.  Both  have  a  common  foliation 
irrespective  of  the  unconformability  between  them.  Again,  along  the 
great  inversion  south  of  Stromeferry,  foliation  has  been  developed  in  the 
Torridon  conglomerate  and  overlying  Lewisian  gneiss,  parallel  to  the  plane 
of  the  Moine  Thrust.  The  Torridon  grits  and  sandstones  south  of  Kin- 
lochewe  and  between  Kishom  and  Loch  Alsh  are  similarly  aflected  by  the 
Post-Cambrian  movements.  Mr.  Teall  has  shown  that  the  quartz  grains 
have  been  drawn  out  into  lenticlee  and  into  thin  folia  that  wind  round 
'eyes*  of  felspar.  A  secondary  crypto  -  crystalline  material  has  been 
produced,  sericitic  mica  appears  in  the  divisional  planes,  and  in  some 
instances  biotite  is  developed.  In  short,  he  concludes  that  in  these 
deformed  Torridonian  seduuents  there  is  an  approximation  to  the 
crystalline  schists  of  the  Moine  type.  The  stratigraphical  horizon  of  these 
rocks  can  be  clearly  proved.  The  subdivisions  of  the  Torridon  Sandstone 
have,  been  recognized  in  those  displaced  masses  which  lie  to  the  east  of  the 
Kishom  Thrust  and  to  the  west  of  the  Moine  Thrust  It  is  worthy  of 
note  also  that  in  the  belt  of  highly  sheared  gneiss  south  of  Stremefeiry 
that  comes  between  the  Torridonian  inversion  in  the  west  and  the  Moine 
Thrust  on  the  east  Mr.  Peach  has  found  folded  and  faulted  inliers  of  the 
basal  division  of  the  Torridon  Sandstone  that  have  a  striking  resemblance 
to  typical  Moine  schists. 

Kegarding  the  age  of  these  Post-Cambrian  movements,  it  is  obvious  that 
thev  must  be  later  than  the  Cambrian  Limestone  and  older  than  the  Old 
Bea  Sandstone,  for  the  basal  conglomerates  of  the  latter  rest  unconformably 
on  the  Eastern  Schists,  and  contain  pebbles  of  basal  quartzite,  pipe-rock, 
limestone,  and  dolomite  derived  from  the  Cambrian  rocks  of  the  North- 
West  Highlands. 

East  of  the  Moine  Thrust  or  g^t  line  of  displacement  extending  from 
EriboU  to  Skye,  we  enter  the  wide  domain  of  the  metamorphic  rocks  of 
the  Highlands,  a  region  now  under  investigation,  and  wnich  presents 
difficult  problems  for  solution.  Two  prominent  types  of  ciystalline  schists 
(Caledoman  series,  Callaway,  and  Mome  schists  of  the  Qeological  Survey) 
nave  been  traced  over  wide  areas  in  the  counties  of  Sutherland,  Ross,  and 
Inverness,  and  across  the  Qreat  Qlen  to  the  northern  slopes  of  the 
Grampians.  Consisting  of  granulitic  quartzose  schists  and  muscovite- 
biotite  schist  or  gneiss,  they  appear  to  oe  of  sedimentary  origin,  thoiigh 
crystalline.    They  are  associated  with  recognizable  masses  of  Lewisian 
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gneiss  covering  many  square  miles  of  ground  and  presenting  many  of  the 
structures  so  characteristic  of  that  complex  in  the  undisturbed  areas 
alreeidy  described.  Within  the  belt  of  Lewisian  gneiss  at  Glenelg 
Mr.  dlough  has  mapped  a  series  of  rocks  presumably  of  sedimentary 
origin,  including  graphitic  schists,  mica  schists,  and  limestones,  but  the 
gneiss  with  which  they  are  associated  possesses  granulitic  structure  like 
that  of  the  adjoining  Moine  schists.^  Further,  in  the  east  of  Sutherland, 
and  dso  in  the  county  of  Ross,  foliated  and  massive  granites  appear 
which  are  interleaved  m  the  adjoining  Moine  schists,  forming  injection 
gneisses  and  producing  contact  metamorpMsm.' 

In  the  Eastern  Highlcmds  the  Moine  series  disappears  and  is  replaced 
by  a  broad  development  of  schists,  admittedly  of  sedimentary  oriein, 
which  have  been  termed  the  Dabadian  series  by  Sir  A.  Qeikie.  Within 
recent  vears  it  has  been  divided  into  certain  rock-groups  which  have  been 
traced  by  the  Geological  Survev  from  the  ooimties  of  Banff  and  Aberdeen 
to  BLintyre.  It  has  been  found  that,  though  hi^hlv  crystalline  in  certain 
areas,  they  pass  along  the  strike  into  comparatively  unaltered  sediments, 
as  proved  by  Mr.  mil  in  the  neighbourhood  of  Ix)ch  Awe.'  Before  the 
planes  of  schistosity  were  developed  in  these  Dalradian  schists  they  were 
pieroed  by  siUs  of  basic  rock  (gabbro  and  epidiorite)  and  acid  material 
(sranite),  both  of  which  must  have  shared  in  the  movements  that  affected 
the  schists,  as  they  meige  respectively  into  hornblende  schists  and  foliated 
granite  or  biotite  gneiss.  Both  seem  to  have  developed  contact  meta- 
morphlsm  ;  indeed,  Mr.  Barrow^  contends  that  the  regional  metamorphism 
so  prominent  in  the  South-East  Highlands  is  mainly,  if  not  wholly,  due 
to  the  intrusion  of  an  early  granite  magma,  now  exposed  at  the  surfstce 
in  the  form  of  local  bosses  of  granite  and  isolated  veins  of  pegmatite. 

The  age  of  the  Dabradian  schists  has  not  been  determined.  Though 
there  seems  to  be  an  apparent  order  of  superposition,  in  this  series  it  is 
still  uncertain  whether  that  implies  the  original  sequence  of  deposition. 
Since  Sir  A.  Qeikie  applied  the  term  Dalradian  to  the  Eastern  Highland 
schists  in  1891,^  evidence  has  been  obtained  *  that  suggests  the  correlation 
of  certain  rocks  along  the  Highland  border  with  the  Arenig  and  younger 
Silurian  strata  of  the  Southern  Uplands.  Consisting  of  epidiorite,  chlorite 
schist,  radiolarian  cherts,  black  shales,  grits,  and  limestone,  they  have 
been  traced  at  intervals  from  Arran  to  Kincardineshire.  In  the  latter 
region  Mr.  Barrow  contends  that  they  are  separated  by  a  line  of  dis- 
ruption from,  the  Highland  schists  to  the  north  ;  but  no  such  discordance 
has  been  detected  in  the  Callander  district  or  in  Arran.  Though  these 
rocks  of  the  Highland  border  have  been  much  deformed,  yet  their  occurrence 
in  the  same  order  of  succession  in  that  region  and  in  tne  Southern  Uplands 
is  presumptive  evidence  for  their  correlation. 

In  view  of  this  evidence  it  is  not  improbable  that  the  Dalradian  series 
may  contain  rock-groups  belonging  to  different  geological  systems.  Indeed, 
the  result  of  recent  Survey  work  in  Islay  tends  to  support  this  view. 
For  in  the  south-west  part  of  that  island  there  is  a  mass  of  Lewisian 
gneiss  overlaid  unconformably  by  sedimentary  strata  which  have  been 
correlated  with  the  lower  and  middle  divisions  of  the  Torridon  Sandstone. 
Unfortunately  the  sequence  ends  here,  as  both  the  gneiss  and  overlying 

^  Summary  of  Progrera  Geol.  Sorv.  1897,  p.  37. 

'  **  On  Foliated  Granitee  and  their  Belations  to  the  Crystalline  Schists  in  Eastern 
Sutherland  *' :  Quart.  Joum.  Geol.  Soc.,  yol.  lii,  p.  633. 

>  Ann.  Rep.  Geol.  Siinr.,  1893,  p.  265. 

«  "  Intrusion  of  Mnscoyite-biotite  Gneiss  in  the  South-East  Highlands  and  it» 
accompanying  Metamorphism '' :  Quart.  Joum.  Geol.  Soc.,  yol.  xliz,  p.  330. 

^  Quart.  Joum.  Geol.  Soc.,  vol.  xlvii,  p.  72. 

•  Ann.  Bep.  Geol.  Surr.,  1893,  p.  266 ;  1896,  p.  25 ;  1896,  p.  27. 
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fiediments  are  separated  by  a  line  of  dismption  or  thrasi-plane  from  the 
strata  in  the  eastern  part  of  the  island.  And  jet,  notwithstanding  this 
break,  the  evidence  obtained  in  the  latter  district  is  remarkable,  whatever 
theory  be  adopted  to  explain  it.  There  the  Islay  limestone  and  blade 
slates  appear  to  be  covered  unoonformably  bv  the  Islay  quartzite  con- 
taining Annelid  tubes  and  followed  in  ascending  sequence  by  Fuooidal 
■shales  and  dolomites,  suggestive  of  the  Cambrian  succession  in  Sutherland 
and  Ross.  The  Islay  quartzite  passes  into  Jura,  thence  to  the  mainland, 
and  it  may  eventually  prove  to  be  the  Perthshire  quartzite,  while  the 
Islay  limestone  and  black  slate  are  supposed  to  be  the  prolongations  of 
the  limestone  and  slate  of  the  Loch  Awe  series  in  Argyllshire.^ 

From  the  foregoing  data  it  will  be  seen  that  much  uncertainty  prevaik 
-regarding  the  age  and  structural  relations  of  the  metamorphic  rooks  o€ 
the  Highlands,  but  the  difficulties  that  here  confront  the  observer  are 
common  to  all  areas  affected  by  regional  metamorphisoL 

A  prominent  feature  in  the  geology  of  the  Eastern  Highlands  is  the 
-great  development  of  later  plutonic  rocks  chiefly  in  the  form  of  granito 
ranging  along  the  Grampian  chain  from  Aberdeenshire  to  Aigyllshiie. 
In  connection  with  one  of  these  masses  a  remarkable  paper  appeared  ib 
1892  which  in  my  opinion  has  profoundly  influenced  petrological  inquiiT 
in  Scotland  from  the  light  which  it  threw  on  the  relations  of  a  connected 
series  of  petrographical  types  in  a  plutonic  complex.  I  refer  to  the  paper 
on  the  "  Flutonic  Rocks  of  Garabal  Hill  and  MeaU  Breac,*'  by  Mr.  Teafl 
and  Mr.  Dakyns.* 

The  authors  showed  that  this  plutonic  mass  comprises  granite,  tonaliteu 
augite-diorite,  picrites,  serpentine,  and  other  compounds.  Mr.  Tealf 
r^rds  the  members  of  this  sequence  as  products  of  one  original  magma 
by  a  process  of  differentiation,  the  peridotites  being  the  oldest  roclm, 
because  the  minerals  of  which  they  are  composed  are  the  first  to  form  in 
a  plutonic  magma.  As  the  process  of  consolidation  advances,  rocks  of 
a  varied  composition  arise,  in  the  order  of  increasing  acidity,  viz.,  dioritesi, 
tonalites,  and  granites.  The  most  acid  rock  consists  of  quartz  aod 
orthoclase,  which  may  represent  the  mother  liquor  after  the  other  oon- 
stituents  had  separated  out.  Mr.  Teall  concludes  that  progressive 
oonsolidation  of  one  reservoir  gives  rise  to  the  formation  of  magmas  of 
increasing  acidity,  and  hence  that  basic  rocks  should  precede  tne  add 
Tooks.  "fiiis  theory  of  magmatic  differentiation — so  strenuouslv  advocated 
by  Brdgger,  Vogt,  Rosenbusch,  Iddings,  Teall,  and  others — ^was  nrst  applied 
to  the  interpretation  of  varied  tTpes  of  plutonic  masses  in  Scotland  by 
Mr.  Teall  in  the  paper  referred  to.  Since  then  he  has  extended  ito 
application  to  the  granite  masses  in  the  Silurian  tableland  of  the  soutii 
of  Scotland,  which  include  rocks  ranging  from  hyperites  at  the  one  end 
to  granitite  with  microcline  and  apHte  veins  at  the  other.'  Many  <^ 
the  phenomena  presented  by  the  newer  granite  masses  of  the  Eastern 
Highlands  seem  to  lend  support  to  this  theory.  These  views,  indeec^ 
have  permeated  the  petrological  descriptions  of  the  granitic  protrusions 
in  the  counties  of  Aberdeen  and  Argyll  which  have  been  given  by  MessnL 
Barrow,  Hill,  Kynaston,  and  Oraig  *  in  recent  years. 

One  of  the  remaikable  advances  in  Scottish  geology  dnring  the  x>eri<>d 
under  review  is  the  solution  of  the  order  of  succession  and  tcKstonic 

»  Summary  of  Progress  Geol.  Snrv.  1899,  p.  66. 

'  Quart.  Jomn.  Geol.  Soo.,  vol.  xlviii,  p.  104. 

^  Ann.  Bep.  Geol.  Sqtt.,  1896,  p.  40 ;  see  also  <<  The  Sihnian  Boolu  of  Scotland,*' 
Geol.  Surv.  Memoir,  1899,  p.  607. 

*  Ann.  Rep.  Geol.  Snrr.,  1897,  p.  87 ;  1898,  pp.  25-28.  See  also  paper  m 
''"Eentallenite  and  its  Relations  to  other  Igneous  Rooks  in  Argyllshire" :  Qoart 
Joum.  Geol.  Soo.,  vol.  Ivi,  p.  631. 
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velations  of  the  SUurian  rocks  of  the  south  of  Scotland  by  ProfesBor 
Lapworfch.  The  history  of  research  relating  to  that  tableland,  and  of  all 
'his  contributions  to  tne  problems  connected  with  it,  has  been  given  in 
detail  in  the  recent  Yolume  of  the  Qeological  Survey  on  that  formation. 
At  present  it  will  be  sufficient  to  refer  to  his  three  classic  papers,  which, 
in  my  opinion,  record  one  of  the  great  achievements  in  British  geology. 
The  first,  on  **  The  Moffiit  Series,"  ^  demonstrated,  by  means  of  ffie 
Tertical  distribution  of  the  eraptolites,  the  order  of  succession  in  those 
£ne  deposits  (black  shales  and  mudstones),  which  were  laid  down  near  the 
veige  of  sedimentation,  and  are  now  exposed  in  anticlinal  folds  in  Hho 
central  belt.  The  second,  on  "The  Girvan  Succession,*"  showed  how 
•certain  graptolite  zones  of  the  Moffiit  shales  are  interleaved,  in  the  Girvan 
^region,  with  conglomerates,  grits,  sandstones,  flagstones,  mudstones, 
shales,  and  limestones,  charged  with  all  the  varied  forms  of  life  found  in 
shallow  seas  or  near  shore.  In  the  thiid,  on  **  The  Ballantrae  Bocks  of 
the  South  of  Scotland  and  their  Place  in  the  Upland  Sequence,"  *  he 
indicated  the  distribution  and  variation  of  the  Moffat  terrane  (Upper 
Llandeilo  to  Upper  Llandovery)  and  of  the  Gala  terrane  ^Tarannon),  which 
form  the  greater  part  of  the  uplands.  He  further  pomted  out  how  the 
rocks  and  the  fossils  vary  across  the  uplands  according  to  the  conditions 
of  deposition.  Finally,  he  proved  that  the  complicated  tectonics  of  the 
Silurian  tableland,  its  encUess  overfolds,  its  endoclinal  and  ezodinal 
structures,  can  be  unravelled  by  means  of  the  graptolite  zones.  These 
researches  disposed  of  the  order  of  succession  baseid  on  Barrande's  doctrine 
of  Colonies,  and  established  the  zonal  value  of  graptolites  as  an  index  of 
fltratigraphical  horizons.  So  complete  was  the  zonal  method  of  mapping 
adopted  by  Professor  Lapworth,  and  so  accurate  were  his  generalizations, 
that  few  modifications  have  been  made  in  his  work. 

In  the  course  of  the  re-examination  of  the  Silurian  tableland  by  the 
K>eological  Survey  some  important  additions  were  made  to  our  knowledge 
of  the  Silurian  svstem  as  there  developed.  Underlying  all  the  sediments 
-of  the  uplands  there  is  a  series  of  volcanic  and  plutonic  rocks  of  Arenig 
•age,  the  largest  development  of  which  occurs  at  Ballantrae  in  Ayrshire, 
T^iere  their  igneous  character  was  recognized  by  Professor  Bonney.  But 
they  appear  in  the  cores  of  numerous  anticUnes  over  an  area  of  about 
1,500  square  miles,  forming  one  of  the  most  extensive  volcanic  areas 
of  PalsBOzoic  age  in  the  British  Isles.     These  volcanic  rocks  are  overlain 

Sa  band  of  cherts  and  mudstones,  succeeded  by  black  shales  gelding 
enkiln  graptolites  of  Upper  Llandeilo  aee.  The  cherts,  which  are 
abundantly  charged  with  Radiolaria,  implving  oceanic  conditions  of 
deposition,  are  aoout  70  feet  thick,  and  have  been  traced  over  an 
area  of  about  2,000  square  miles.  The  deposition  of  the  Radiolarian 
•ooze  must  have  occupied  a  long  lapse  of  time.  Indeed,  the  cherts  and 
mudstones  represent  the  strata  which,  in  other  regions,  form  the  Upp^ 
AreniR  and  Lower  Llandeilo  divisions  of  the  Silurian  system.  They 
flimish  interesting  evidence  of  tiie  oceanic  conditions  which  here 
prevailed  in  early  Silurian  time,  and  form  a  natural  sequel  to  Professor 
Lapworth's  researches  bearing  on  the  graptolitic  deposits  of  the  Upper 
Llandeilo  period,  which  must  have  been  laid  down  on  the  sea-floor  near 
the  limit  of  the  land-derived  sediment. 

Of  special  interest  is  the  new  fish  fauna  fbund  by  the  Geological  Suirey 
in  the  Ludlow  and  Downtonian  rooks  between  Lesmahagow  and 
Muirkirk,  which  the  researches  of  Br.  Traouair  have  shown  to  be  of 
gtetct  biological  and  paleeontological  value.^     This  discovery  has  enabled 

^  Quart.  Joum.  Geol.  Soc.,  yol.  xxxiv,  p.  240. 
Ibid.,  vol.  xxxTiii,  p.  637. 
-cIII,^ 


*  Gbol.  Mao.,  Dec.  Ill,  Vol.  VI  (1889),  p.  20. 
^  TraDB.  Boy.  Soo.  Edinb.,  vol.  xxxix,  p.  827. 
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him  to  give  a  new  claflsification  of  the  Ostracodermi,  and  to  enlarge  the 
order  of  the  Heterostraci,  which  now  includes  four  families,  instead  of  the 
Pteraspidse  alone.  He  has  further  shown  that  the  OoelolepidsB  were  not 
Ostraciont  sharks  to  which  the  Onchtu  spines  belonged,  but  Heterostraci, 
though  probably  of  Elasmobranch  origin,  judging  from  the  shagreen-like 
scales.  The  CoelolepidaB  are  conmion  fishes  in  the  Ludlow  and 
Downtonian  rocks  of  Lanarkshire.  The  genus  Thdodus,  first  described 
b J  AgaBsiz  from  detached  scales  in  the  Lumow  bone-bed,  and  subsequently 
figured  and  described  by  Pander  and  Rohon  from  scales  in  the  Upper 
SUurian  rocks  of  Oesel^  is  here  represented  for  the  first  time  by  nearly 
complete  forms.  But  it  is  remarkable  that  no  Onchus  spines,  nor  any 
PteraspidflD,  nor  CephalaspidaB  have  been  found  in  the  I^narkshm  strata, 
the  nearest  related  genus  to  Cephalcupis  being  AteUaspis,  which,  howev^^ 
represents  a  distinct  family. 

The  group  of  sandstones,  conglomerates,  shales,  and  mudstones  that 
form  the  passage-beds  between  the  Ludlow  rocks  and  the  Lower  Old  Bed 
Sandstone  in  Lanarkshire  are  now  regarded  as  the  equivalents  of  the 
Downtonian  strata  in  Shropshire,  and  are  linked  with  the  Silurian 
^teuL  The  mudstones  of  this  group,  containing  the  new  fish  fauna^ 
likewise  yield  ostracods,  phyllocarid  crustaceans,  and  eurypterids — forma 
which  connect  these  beds  with  the  underlying  Ludlow  rocks.  The  band 
of  gre^acke-conglomerate,  that  extends  from  the  Pentland  Hills  into 
Ayrslure,  composed  largely  of  pebbles  derived  from  the  Silurian  tableland, 
is  now  taken  as  the  base-line  of  the  Lower  Old  Bed  Sandstone  on  the 
south  side  of  the  great  midland  valley  of  Scotland. 

The  period  under  review  has  been  marked  by  important  additions  ta 
our  knowledge  of  the  Old  Bed  Sandstone  formation.  In  1878  appeared 
a  valuable  monograph  by  Sir  Archibald  Gteikie  on  *'  The  Old  Bed  Sand- 
stone of  Western  Europe,"^  by  far  the  most  important  treatise  on  thia 
subject  since  the  publication  of  Hugh  Miller's  classic  work  in  1841. 
Following  up  the  view  maintained  by  Fleming,  Godwin-Austen,  and 
Bamsay,  that  the  deposits  of  this  formation  were  laid  down  in  lakes 
or  inland  seas,  he  defined  the  geographical  areas  of  the  various  basins  in 
the  British  area,  giving  to  each  a  local  name.  He  ^ve  an  outline  of 
the  development  of  the  rocks  north  of  the  Grampians  in  Caithness, 
Orkney,  and  Shetland.  He  advanced  an  ingenious  aigument  in  feivour  of 
correlating  the  Caithness  flagstone  series  (middle  mvision,  Murchison) 
with  the  Lower  Old  Bed  Sandstone  south  of  the  Grampians.  He 
contended  that  "  the  admitted  palffiontological  distinctions  between 
the  two  areas  are  probably  not  greater  than  the  striking  lithological 
differences  between  the  strata  would  account  for,  or  than  the  contrast 
between  the  ichthyic  faunas  of  adjacent  but  disconnected  water  basins  at 
the  present  time.'*  Sir  A.  Geikie  further  gave  a  table  showing  the  vertical 
range  of  the  known  fossils  of  the  Caithness  series  from  data  partly 
supplied  by  the  late  Mr.  C.  Peach. 

Dunnjz  the  last  quarter  of  a  centuiy  Dr.  Traquair  has  made  a  special 
study  of  the  ichthyologv  of  the  Old  Bed  Sandstone  and  Carboniferous 
strata  of  Scotland,  which  has  enabled  him  to  throw  much  light  on  the 
distribution  of  fossil  fishes  in  these  rocks  and  on  their  value  for  the 
purpose  of  correlation.  His  researches  show  that  the  fish  fauna  of  the 
formation  south  of  the  Granipians  resembles  that  of  the  Lower  Old  Bed 
Sandstone  of  the  West  of  England  and  adjoining  part  of  Wales  in  the 
abundance  of  specimens  of  Ceph(da$pis^  the  conmion  species  in  Forfarshire 
(C  Lyelli,  Ag.)  being  also  indistinguishable  from  that  m  the  Herefordshire 
beds.  Pteraspts  occurs  in  both  regions,  though  of  different  species.  Of 
Acanthodians  Pareanis  reewnmSf  Ag.,  occurs  in  both,  together  with 
>  Trans.  Boy.  Soc.  Edinb.,  vol.  xxviii,  p.  346. 
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(JlimoHusiC,  omatui,  Ag.).  The  abundanoe  of  Cephakupis  (C.  Campbell- 
tonensis,  Whit.,  C.  Jexi,  Iraq.)  and  of  Olimatius  spines  is  characteristic 
of  the  Lower  Devonian  rocks  of  Canada. 

The  Old  Red  Sandstone  of  Lome  has  recently  yielded  organic  remains, 
akin  to  those  found  in  Forfarshire,  south  of  the  Grampians,  viz. 
Cephakupis  Lofyiensis  (Traq.X  and  two  species  of  myriapods  (ikmpeoaris 
Farfarenns  and  a  species  of  Archidesmiuy 

In  the  deposits  of  Lake  Orcadie,  north  of  the  Grampians,  quite 
a  different  fish  fauna  from  that  of  Forfeushire  appears.  Dr.  Traquair  has 
noted  that  there  are  no  species  common  to  the  two  areas,  and  only  two 
genera,  viz.  Mesacanthus  and  Cephalaspii.  The  latter  genus  is,  however, 
represented  in  Caithness  only  by  a  sinele  specimen  of  a  speoies 
{(J.  magnxfica^  Traq.)  different  from  any  found  elsewhere.  It  might  here 
be  observed  that  CephalMpis  is  represented  also  in  the  Upper  Devonian 
rocks  of  Canada  by  a  single  specimen  of  a  peculiar  species  (0.  IcUieepSy 
Traq.),  and  hence  Dr.  Traquair  has  shown  that,  though  CephaUupis  is 
most  abundant  in  the  Lower  Devonian,  it  extends  also  into  the  upper 
division  of  that  system.  It  further  appears  that  OsteolepidsB  (Osteou^nSy 
I>JDlopterus\  RhizodontidfiB  (TristichcpteruSy  Oyroptychius\  Holoptychuda 
(Gti/ptolepii),  AsterolepidsB  {Pterichthys^  Mtcroorcushius),  Otenodontidso 
^Difterus)  are  abundant  in  the  Orcadian  fauna,  none  of  which  has  occurred 
in  the  Lower  Old  Red  Sandstone  of  Forfarshire,  the  West  of  England,  or  in 
the  Lower  Devonian  rocks  of  Canada.  Dr.  Traquair  recognized,  however, 
the  identity  of  the  fishes  from  the  well-known  fish  band  in  the  basin  of  the 
Moray  Firth  with  those  brought  from  the  west  part  of  Orkney,  though 
these  forms  did  not  quite  agree  with  the  fossils  from  the  Thurso  district. 
He  subsequently  found  that  ^e  fish  fauna  frt)m  the  Orcadian  beds  in  the 
Moray  Firth  basin  is  represented  in  Caithness  by  that  of  Achanarras  ; 
and,  further,  that  two  other  faunas  occur  in  the  Caithness  area— that  of 
Thurso  and  that  of  John  o'  Groats,  as  given  below  : — 

'»•-''•«-«•  •  •  •  {llsr^ir^'iS^- 

iOoeeotUut  minor,  H.  Miller. 
ThuraitSB  phoHdoiut,  Tra<^ 
OtteoUpU  mierolepidotuB,  Pander. 
iFUfiehthyty  thiee  spedee. 
CheiroUpit  TraiUi,  Ag. 
Oiteolepit  maorolepidotus,  Ag. 

In  1898  appeared  an  important  paper  by  Dr.  Flett  on  •*  The  Old  Red 
Sandstone  of  the  Orkneys/"  in  which  he  described  the  results  of  his 
detailed  examination  of  the  islands.  He  proved  the  existence  there  of 
three  fish  faimas,  and  their  correspondence  with  those  identified  in  Caith- 
ness by  Dr.  Traquair.  From  the  evidence  in  the  field  he  adopted  the 
following  order  of  succession  and  correlation  of  the  strata  : — 

3.  Eday  Sandstones  and  John  o' Groats  beds. 

2.  Rousay  and  Thurso  beds. 

1.  Stronmess,  Achanarras,  and  Cromarty  beds. 

A  further  important  result  of  Dr.  Flett's  researches  in  the  Old  Red 
Sandstone  of  these  northern  isles  was  communicated  to  the  Royal 
Society  of  Edinburgh  this  year.  He  has  found  in  the  Shetland  beds, 
which  had  previously  yielded  no  fossils  save  plants,  fragments,  identified 
bv  Dr.  Traquair  as  Holonema,  a  fiysh  new  to  Britain,  but  occurring  in  the 
Cnemung  group  of  North  America,  the  subdivision  of  the  Upner  Devonian 
that  immediately  underlies  the  Catskill  red  sandstones,  witn  remains  of 

>  Summary  of  Progrew  Geol.  Surv.  1897,  p.  83. 
*  TranB.  Boy.  Soc.  Edinb.,  vol  xxxix,  p.  383. 
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Holoptychiu^  Dr.  Traquair  has  also  recognized  in  Dr.  Fletf s  coUeotiofi 
fragments  of  Asterolepiif  a  genus  characteristic  of  the  Hpper  Old  Bed 
Sandstone,  and  which,  as  proved  by  Dr.  Flett,  oooors  in  the  '  Thurso  beds ' 
of  the  Orkneys.  The  interest  attaching  to  tfaos  discovery  is  very  great,  for 
Dr.  Flett  contends  that  it  indicates  a  fourth  life-zone  in  the  Orcadian 
series,  and,  further,  that  it  tends  to  span  the  break  between  the  Orcadian 
division  and  Upper  Old  Red  Sandstone. 

In  the  Upper  Old  Red  Sandstone  on  the  south  side  of  the  Moray  Firth, 
Dr.  Traquair  recognized  two  life-zones,  and  subsequently,  with  the  assist- 
ance of  Mr.  Taylor,  Lhanbryde,  a  tiiird;  in  the  following  order.  The 
lowest  is  that  of  the  Nairn  sandstones  with  Asterolepis  maxima  (Ag.) ;  the 
second,  that  of  Alves  and  Scaat  Craig  with  Bothriolepi*  major  (Ag.X 
P^mmosteus  Tavlori  (Traq.) ;  and  the  highest,  that  of  Rosebrae,  the  fauna 
of  which,  according  to  Dr.  Traquair,  has  a  striking  resemblance  to  the 
assemblage  in  the  Dura  Den  Sandstones  in  Fife. 

Before  1876  all  the  Carboniferous  areas  in  the  great  midland  valley  of 
Scotland  had  been  manped  by  the  G^logical  Survey.  The  extent  and 
structural  relations  of  the  various  coalfields  were  determined  according  to 
the  information  then  available,  and  shown  in  the  published  maps.  Bat 
the  rapid  development  of  certain  fields  in  the  east  of  Scotland  necessitated 
a  revision  of  them,  which  has  lately  been  done.  The  Fife  Coalfield  has 
been  re-examined  oy  Sir  A.  Geikie,  Mr.  Peach,  and  Mr.  Wilson,  and  the 
oil-shale  fields  in  the  Lothians  have  been  mapped  by  Mr.  CadelL  An 
important  memoir  by  Sir  A.  Geikie  on  "The  Qeolo^  of  Central  and 
Western  Fife  and  Kinross  '*  has  just  been  issued  by  the  Geological  Survey, 
in  which  the  structure  of  these  coalfields  is  described.  Mr.  Cadell  lat^y 
gave  an  account  of  the  geological  structure  of  the  oil-shale  fields  in  his* 
presidential  address  to  the  Edinbiurgh  Geological  Society. 

Within  the  period  under  review  detailed  researches  of  great  importance 
on  the  fossil  flora  of  British  Carboniferous  rocks  have  been  carried  out  by 
Mr.  Kidston,  to  which  reference  ought  to  be  made.  The  results  are  of  the 
highest  value  for  correlating  the  strata  in  different  areas.^  By  means  of 
the  plants  he  arranges  the  Carboniferous  rocks  of  Scotland  in  two  great 
divisions  :  a  lower,  comprising  the  Calciferous  Sandstone  and  Carboniferous 
Limestone  series ;  and  an  upper,  including  the  Millstone  Grit  and  the 
Coal-measures,  there  being  a  marked  palaeontological  break  at  the  base  of 
the  Millstone  Grit.  He  shows  that  the  upper  and  lower  divisions  of  the 
system,  not  only  in  Scotland  but  in  Britain,  are  characterized  by  a  different 
series  of  plants,  not  one  species  passing  from  the  lower  division,  save  in 
the  case  of  Stigmaria,  into  the  upper.  From  his  researches  it  appears 
that,  among  ferns,  Neurojoteris  is  all  but  unknown  in  the  lower  division, 
whereas  in  the  upper  it  is  very  abundant.  The  Sphenopterids  are  pro- 
portionately common  in  both  divisions  ;  but  those  of  the  lower  are  usually 
characterized  bv  cuneate  segments,  while  those  of  the  upper  have  generally 
rounded  pinnules.  Alethopteris,  so  common  throughout  the  whole  of  the 
upper  series,  is  entirely  absent  from  the  lower.  The  genus  CalamiteSf 
which  is  extremely  plentiful  in  the  upper,  is  almost  entirely  absent  from 
the  lower  division,  where  its  place  is  taken  by  Aiterocalamites.  The 
Cordaitece  are  also  rare  below  the  Millstone  Grit,  though  very  plentiful 
above  that  horizon.  Sigillaria,  so  rare  in  the  Lower  Carboniferous  rocks, 
it  extremely  abundant  in  the  upper  division,  and  particularly  in  the  middle 
Coal-measures.  In  short,  Mr.  Kidston  concludes  that  the  floras  of  the  two 
main  divisions  of  the  Carboniferous  system,  though  belonging  to  the  same 
tvpes,  are  absolutely  distinct  in  species  and  in  the  relative  im|K)rtance  of 
the  genera. 

*  **  On  the  various  Divisions  of  British  Carboniferous  Roclcfl  as  determined  by 
fbeir  Fossil  Flora  "  :    Proc.  Roy.  Phys.  Soc.  Edinb.,  vol.  xii  (1893),  p.  183. 
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By  means  of  the  fossil  plants  Mr.  Eidston  correlates  the  Coal-measares 
of  iSootland  underlying  the  red  sandstones  with  the  lower  division  of  the 
Coal-measures  of  England,  and  the  overlying  red  sandstones  of  Fife  with 
the  middle  division  of  the  English  Coal-measures. 

It  is  remarkable  that  the  evidence  supplied  by  the  fossil  fishes  has  led 
pr.  Traquair  independently  to  a  similar  conclusion.  He  holds  that  fossil 
ichthyology  proves  the  existence  of  only  two  great  life-zones  in  the 
Carboniferous  rocks  of  Central  Scotland — an  upper  and  a  lower — the 
boundanr-line  between  the  two  being  drawn  at  the  base  of  the  Millstone 
Grit  The  Scottish  Carboniferous  rocks,  being  mostly  estuarine,  give  an 
opportunity  of  comparing  the  estuarine  fishes  of  both  divisions.  He 
finds  the  Coal-measure  fishes  of  Scotland  to  be  the  same  as  those  in  the 
English  Coal-measures,  while  those  occurring  below  the  Millstone  Qrit  in 
Scotland  are  mostly  different  in  species,  and  often,  too,  in  genera,  from  the 
forms  above  that  horizon. 

Of  special  interest,  as  bearing  on  the  former  extension  of  this  system  in 
Scotland,  is  the  discovery  made  by  Professor  Judd »  in  1877  of  a  patch 
of  Carboniferous  sandstones  and  shales,  with  well-preserved  plant  remains 
in  Morven.  Another  small  outlier  of  this  formation  has  recently  been 
found  in  the  Pass  of  Brander  by  the  Geological  Survey.' 

The  reptiles  from  the  Elgin  sandstones,  recently  described  by  Mr.  E.  T. 
Newton,^  add  fresh  interest  to  the  study  of  these  rocks.  The  structiural 
relations  of  these  sandstones  have  been  fully  treated  by  Professor  Judd  in 
his  great  paper  on  the  Secondary  Rocks  on  the  East  of  Scotland,*  and 
again  in  his  presidential  address  to  this  Section  at  Aberdeen,^  who  con- 
firmed Huxley's  well-known  correlation  of  these  beds  with  the  Trias.  The 
Dicynodout  rfcull,  identified  by  Professor  Judd  and  Dr.  Traquair  at  the 
Aberdeen  meeting  of  the  British  Association  in  1885,  and  other  remains 
found  in  the  reptilian  sandstones  in  Cutties  Hillock  Quarry,  where  they 
rest  on  Upper  Old  Red  Sandstone  with  Holoptychius^  have  been  described 
by  Mr.  Newton.  He  confirmed  their  affinity  vdth  Dicynodonts,  though 
they  were  referred  to  the  genera  Oordania  and  Oeikia.  But  the  most 
remarkable  specimen  was  the  skull  named  by  Mr.  Newton  Elginia  mirabilis. 
This  extraordinary  creature,  with  a  pair  of  horns  projecting  like  those  of 
a  short-homed  ox,  and  with  smaller  spines  and  bcwses,  numbering  thirty- 
nine,  is  related  to  the  great  Fareiasattnis  from  the  Karoo  beds  of  South 
Africa.  Two  other  reptiles  are  described  hy  Mr.  Newton  from  this  quarnr, 
namely,  a  small  crocodile-like  animal,  Erpetotuchut  Granti,  apparently 
nearly  allied  to  Stagonolepis,  and  Ornithomchus  Woodwwrdi,  which  is 
probablv  a  small  Dinosaiuian. 

Mr.  Newton  has  raised  an  interesting  point  in  connection  with  his 
researches.  He  calls  attention  to  the  fact  that  the  reptilian  remains  from 
the  Cutties  Hillock  Quarry  differ  from  those  found  at  other  localities  in 
the  Elgin  district.  For  example,  the  Lossiemouth  sandstones  have 
yielded  Stagonolepts,  Hifperodap^don^  and  Tderpeton;  and  the  Cutties 
Hillock  sandstones,  the  Dicynodonts  {Oordonia  and  Oeikia),  the  homed 
reptile  {Elginia),  the  small  crocodile -like  JSrpeUmtchiis,  and  the  little 
Dinosaurian  Ornithomchxis.  Does  this  distnbution  indicate  different 
stratigraphies]  horizons?  is  virtually  the  point  raised  by  Mr.  Newton. 
In  connection  with  this  inquiry  he  cites  the  evidence  obtained  in  other 
countries.  Thus,  in  the  Gondwana  beds  of  India,  the  series  of  reptiles 
similar  to  those  of  Elgin  occur  at  different  localities  and  on  different 

^  Quart.  Joum.  Geo).  Soc.,  vol.  xxxiv,  p.  685. 

2  Summary  of  Progress  Geol.  Surv.  1898,  p.  129. 

2  Phil.  Trans.,  vol.  clxxxi\  (1893),  p.  431  ;  ibid.,  vol.  dxMv  (1894),  p.  573. 

*  Quart  Joum.  Geol.  Soc.,  vol.  xxix,  p.  98. 

*  Rep.  Brit.  Assoc,  1885,  p.  994. 
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stratigraphical  horizons  Dicynodonts  and  Labyiinthodonts  being  found 
in  the  lower  Panchetr  ocka^  while  Hyperodapeaon  and  Farastichus  (allied 
to  St^onolepis)  are  met  with  in  the  higher  Kota-Maleri  beds.  A^iin,  in 
the  Karoo  beds  of  South  AMca  the  Dicynodonts  and  the  great  Pareia- 
9awrus — the  latter  being  the  nearest  known  ally  of  the  homed  reptile 
{Elginia  mirabUis)  from  Cutties  Hillock,  Elgin — occur  low  down  in  that 
lormation.  Further  light  is  thrown  on  the  question  by  the  interesting 
discoveries  of  Amalitzky  in  Northern  Russia,  where  a  number  of  reptilian 
remains  have  been  found  closely  allied  to  Paretasawntt^  Elginia^  and 
Dici/nodon,  in  beds  which  are  referred  to  the  Permian  formation,  and 
accompanied  by  plants  and  mollusca  which  seemingly  confirm  this 
reference.* 

In  view  of  these  foreign  discoveries  Mr.  Newton  concludes  that  the 
Elgin  sandstones  may  probably  represent  more  than  one  reptilian 
horizon,  and  that  we  are  confronted  with  the  possibility  of  their  being 
of  Permian  age. 

The  difficulty  of  drawing  a  boundary-line  between  the  Trias  and  the 
Upper  Old  Red  Sandstone  of  Elgin,  which  impressed  the  mind  of  the  late 
Dr.  Gordon,  has  had  to  be  fSsu^ed  elsewhere  in  Scotland.  In  Arran,  my 
colleague  Mr.  Gunn  has  shown  that  the  Trias  there  rests  on  the  Upper  Old 
Red  Sandstone,  both  formations  having  a  similar  inclination.  Even  he, 
with  his  ripe  experience,  has  had  great  difficulty  in  drawing  a  boundary 
between  them  on  the  west  side  of  the  island  ;  but  when  the  base-line  of 
the  Trias  is  traced  eastwards  to  Brodick  it  passes  transgressively  on  to- 
Carboniferous  rocks. 

Of  special  importance  \a  the  recent  discovery  in  Arran  of  the  fossils  of 
the  Avicula  contorta  zone  *  by  Mr.  Macconochie,  of  the  Geological  Survey^ 
to  whose  skill  as  a  fossil  collector  Scottish  geology  owes  much.  Wi^ 
these  occur  Lower  Liassic  fossils,  in  sediments  which  are  not  now  found 
in  place  in  the  island.  These  fosailiferous  patches  are  associated  with 
fragmental  volcanic  materials  filling  a  great  vent,  the  age  of  which  will  be 
referred  to  presently.  This  discoverv  has  fixed  the  Triassic  age  of  the 
red  sandstones  and  marls  in  the  south  of  Arran.  The  detailed  mapping 
of  the  island  by  Mr.  Gunn  has  demonstrated  that  the  Triassic  sandstones 
rest  partly  on  the  Old  Red  Sandstone,  partly  on  the  Carboniferous  Lime- 
stone Senes,  and  partly  on  the  Coal-measures. 

In  1878  appeared  the  third  of  Professor  Judd's  great  papers  on  the 
Secondary  Rocks  of  Scotland,  wherein  he  unravelled  the  historv  of  these 
strata  as  developed  in  the  east  of  Scotland  and  in  the  West  Highlands. 
His  admirable  researches,  in  continuation  of  the  work  done  by  Birce, 
Tate,  and  others,  embraced  the  identification  of  the  life -zones,  their 
correlation  with  those  of  other  regions,  the  history  of  the  phvsical  con- 
ditions which  prevailed  in  Scotland  during  Mesozoic  time,  and  the  working 
out  of  the  structural  relations  of  the  strata.'  He  showed  that  their 
preservation  on  the  east  of  Scotland  was  due  to  the  existence  of  great 
faults,  and  those  in  the  West  Highlands  to  the  copious  outpouring  of  the 
Tertiary  lavas.  He  was  the  first  to  detect  the  occurrence  of  Cretaceous 
rocks  in  the  West  Highlands,  and  to  show  the  marked  unconformability 
which  separates  them  from  the  Jurassic  strata.  His  main  life-zones  and 
his  main  conclusions  regarding  the  Secondary  Rocks  of  Scotland  have  so 
far  been  confirmed  by  the  detailed  mapping  of  the  Geological  Survev.  An 
interesting  addition  to  our  knowledge  of  these  rocks  was  made  oy  my 
colleague  Mr.  Horace  B.  Woodward,  in  the  course  of  his  field-work,  who 

*  T.  Amalitzky:  *'  Sur  les  fouilles  de  1899  do  debris  de  Tert6br69  dans  les  d^pdt» 
Permiens  de  la  Rossie  da  nord,"  Varsovie,  1900. 
'  Summary  of  Progress  Geol.  Sunr.  1899,  p.  133. 
3  Quart.  Joum.  G^l.  Soc.,  vol.  xxix,  p.  97  ;  vol.  xxxiv,  p.  660. 
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found  the  oolitic  iron-ore  in  the  Middle  Lias  of  Baasay,  the  position  of 
which  corresponds  approximately  with  that  of  the  Cleveland  ironstone.* 

The  extensive  plateau  of  Tertiary  volcanic  rocks  in  the  Inner  Hebrides 
has  been  a  favounte  field  of  research  ever  since  the  time  of  Macculloch, 
the  great  pioneer  in  West  Highland  geology.  During  the  period  under 
jeview  much  work  has  been  done  in  that  domain.  According  to  Professor 
Judd,  that  region  contains  the  relics  of  five  great  extinct  volcanoes  and 
several  minor  cones,  indicating  three  periods  of  igneous  activity.  The 
first  was  characterized  by  the  discharge  of  acid  lavas  and  ashes,  the  molten 
material  consolidating  down  below  as  granite ;  the  second  by  the  outburst 
of  basic  lavas,  now  forming  the  basfutio  plateau,  connected  with  deep- 
seated  masses  that  appear  now  as  gabbro  and  dolerite  ;  the  third  by  the 
appearance  of  sporadic  cones,  from  which  issued  minor  streams  of  lava.' 

In  1888  Sir  A.  Geikie  communicated  his  elaborate  monograph  on  the 
history  of  Tertiary  volcanic  action  in  Britain  to  the  Roysd  Society  of 
Edinburgh,^  which  has  been  incorporated,  with  fuller  details,  in  his  recent 
work  on  **  The  Ancient  Volcanoes  of  Great  Britain."  His  main  conclusions 
nmy  thus  be  briefly  stated  :  (1)  The  great  basaltic  plateaux  did  not  emanate 
from  central  volcanoes,  but  are  probably  due  to  fissure  eruptions  ;  (2)  the 
basaltic  lavas  were  subsequently  pierced  by  laccolitic  masses  of  gabbro, 
which  produced  a  certain  amount  of  contact  alteration  on  the  previously 
erupted  lavas ;  (3)  the  protrusion  of  masses  of  granophyre  and  other  acid 
materials  by  means  of  which  the  basic  rocks  were  disrupted. 

During  the  last  six  vears  Mr.  Harker  has  been  engaged  in  mapping  the 
central  part  of  the  Isle  of  Skye  and  in  the  petro^phical  study  of  the 
rocks,  the  results  of  which  have  been  summarized  m  the  annual  reports 
of  the  G^logical  Survey.  As  r^ards  the  basaltic  lavas,  he  finds  that 
while  they  have  been  of  vast  extent  the  individual  flows  have  been  of 
feeble  volume,  and  show  no  evident  relation  to  definite  centres  of  eruption. 
There  were  two  local  episodes,  however,  which  took  the  form  of  central 
eruptions  :  one  represented  by  a  number  of  explosive  outbursts  at  certain 
points  ;  the  other,  in  the  basalt  succession,  gave  rise  to  rhyolitic  rocks. 

Mr.  Harker  further  finds  that  the  succeeding  plutonic  pnase  of  activity, 
confined  in  Skye  to  what  is  now  the  central  mountain  tract,  is  represented 
by  three  groups  of  plutonic  intrusions,  in  the  following  order  :  peridotites, 
gabbros,  and  granites.  The  metamoiphism  set  up  in  the  basaltic  lavas 
near  the  large  plutonic  masses  presents  points  of  interest,  especially 
the  widespread  formation  of  new  lime-soda-felspars  from  the  zeolites  in 
the  lavas. 

After  the  intrusion  of  the  granite  of  the  Bed  Hills,  Mr.  Harker  finds 
that  igneous  activity  took  the  form  of  intrusions  of  smaller  volume,  but 
in  some  cases  of  wide  distribution.  The  great  group  of  dolerite  sills 
belongs  to  this  period.  An  enormous  number  of  acid  and  basic  dykes 
followed,  of  several  distinct  epochs.  A  set  of  minor  basic  intrusions 
of  quite  late  date  is  found  in  the  gabbro  district  of  the  Cuillins,  the 
moHt  interesting  of  which  takes  the  form  of  sheets  of  dolerite,  parallel  at 
any  given  locality,  but  always  dipping  towards  the  centre  of  the  gabbro 
area.  Mr.  Harker  considers  that  this  remarkable  system  of  injections 
presents  a  new  problem  in  the  mechanics  of  igneous  intrusion.  The  latest 
phase  of  vulcanicity  in  the  Cuillin  district  is  a  radial  group  of  peridotite 
dykes.  As  r^ards  the  local  group  of  rock  in  Central  Sl^e  Mr.  Harker 
finds  that  the  order  of  increasing  acidity  which  ruled  in  the  plutonic 
phase  was  reversed  for  the  minor  intrusions  which  followed. 

In  connection  with  the  great  development  of  volcanic  activity  in  the 

1  Gbol.  Mao.,  Dec.  Ill,  Vol.  X  (1893),  p.  493. 

'  Quart.  Journ.  Geol.  8oc.,  yoI.  xxx,  p.  220. 

3  Trans.  Roy.  Soc.  Edinb.,  vol.  xxxt,  pt.  2,  p.  23. 
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West  of  Scotland  in  Tertiary  time  reference  must  be  made  to  the  remark- 
able volcanic  vent  in  Arran,  the  recognition  of  which  is  due  to  the 
suggestion  of  my  friend  Mr.  Peach.  This  volcanic  centre  covers  an  area 
of  about  eight  square  miles,  and  lies  to  the  south  of  the  granite  area  of 
the  island.^  The  vent  is  now  filled  with  volcanic  agglomerate  and  lai^ 
masses  of  sedimentary  material,  some  of  which  have  yielded  the  Rhsstic 
and  Lower  Lias  fossils  already  refeired  to,  the  whole  being  pierced  by 
acid  and  basic  igneous  rocks.  One  of  the  interesting  features  connected 
with  it  is  the  occurrence  of  fragments  of  limestone  with  the  agglomerate, 
which  has  yielded  fossils  of  the  age  of  the  Chalk,  thus  proving  that  the 
vent  is  post-Cretaceous.  There  is  thus  strone  evidence  for  referring 
the  granite  mass  in  the  north  of  the  island  and  most  of  the  intrusive, 
acid,  and  basic  igneous  rocks  to  the  Tertiary  period.  It  furnishes  remark- 
able proof  of  the  Tertiary  age  of  the  Arran  granite  suggested  by  Sir  A. 
Geikie  in  1873.*  The  story  unfolded  bv  this  discovery  is  like  a  geological 
romance.  The  former  extension  of  RhaBtic  and  Lower  Lias  strata  and 
of  the  Chalk  in  the  basin  of  the  Clyde,  and  the  evidence  of  extensive 
denudation  in  the  south  of  Scotland,  appeal  vividly  to  the  imagination. 

This  outline  of  the  resecirches  in  the  solid  geology  of  Scotland  would  be 
incomplete  without  reference  to  the  publication  of  Sir  A.  Geikie's  great 
work  on  "  The  Ancient  Volcanoes  of  Great  Britain  **  (1897),  in  which  the 
history  is  given  of  volcanic  action  in  Scotland  from  the  earliest  geological 
periods  down  to  Tertiary  time.  To  investigators  it  has  proved  invaluable 
for  reference.  Nor  can  I  omit  to  mention  the  new  edition  of  his  volume 
on  "  The  Scenery  of  Scotland,"  wherein  he  depicts  the  evolution  of  the 
topography  of  the  country  with  increasing  force  and  fascination.  In  this 
domain  it  may  be  said  of  the  author,  **  Nihil  quod  tetigit  sed  omavit." 


II. — EoTPTiAN  Geoloot. — We  have  muoh  pleasure  in  noticing 
"Geological  Survey  Report,  1899,  Part  III,  Farafra  Oasis;  ita 
topography  and  geology,  by  Hugh  J.  L.  Beadnell,"  issued  in  July, 
1901,  by  the  Survey  Department,  Public  Works  Ministry  at  Cairo. 
This,  the  second  report  issued,  follows  closely  on  Part  U,  and  oonsista 
of  89  pp.,  4  maps,  and  many  sections.  The  report  is  divided  into 
Introduction;  Topography,  with  notes  on  the  Wells,  Population, 
etc. ;  Geology ;  the  Desert  between  Farafra  and  Dakhia ;  and 
Geological  Summary.  The  geological  summary  shows  that  in  the 
district  under  notice  the  lowest  rocks  met  with  are  correlated  with 
the  Danian  of  Europe.  These  consist  of,  from  below  up,  clays  and 
sandstones  of  Ain  el  Wadi,  with  plant  remains  and  silicified  wood ; 
hard  blue-grey  limestones  and  White  Chalk  with  brachiopods, 
lamellibranchs,  annelids,  etc.  Above  these  come  shales,  occasionally 
present,  with  an  abundance  of  fossils,  beds  probably  representing 
locally  the  upper  part  of  the  White  Chalk.  The  Eocene  is  repre- 
sented in  its  lower  part  only  by  limestones  of  the  plateau  with 
numerous  echinids,  lamellibranchs,  and  many  foraminifera  (Libyan 
Beries)  at  the  top,  while  below  come  the  Esna  Shales,  in  part 
foaailiferous  and  with  OpereuUna  limestone  occasionally  at  the  base. 
The  recent  deposits  are  seen  in  the  soils  and  clays  of  springs  with 
recent  fresh-water  shells,  blown  sand,  and  local  and  unfossiliferons- 
marls  and  clays.     The  report  will  be  of  the  highest  value,  and  like 

>  Quart.  Joum.  Oeol.  Soc.,  vol.  lyii  (1901),  p.  226. 

>  Trans.  Oeol.  Soc.  Edinb.,  vol.  ii,  p.  305. 
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its  predeoessor  is  exoeedingly  well  got  op;  we  await  the  future 
parts  with  the  greatest  interest  One  thing  we  would  ask  of  the 
Director-General,  Captain  Lyons,  and  that  is,  to  allow  the  word 
'  Egypt '  to  appear  somewhere  on  the  title-page. 

III. — EooMOMio  Geoloot. — Messrs.  John  0.  Branner  and  John 
F.  NewBom  have  issued  a  second  edition  of  their  *<  Syllabus  of 
a  course  of  Lectures  on  Economic  Geology,"  1900,  in  a  volume 
printed  on  one  side  of  the  paper  only,  of  368  pp.  One  of  the 
most  important  things  a  student  of  economic  geology  needs  to  learn 
is  where  to  find  and  how  to  use  information  that  has  been  published. 
The  authors  have  therefore  given  references,  first,  to  works  on  the 
general  subject ;  second,  to  periodicals  in  which  articles  are  to  be 
looked  for  upon  various  economic  subjects;  third,  to  papers  and 
reports  on  special  subjects.  Naturally  in  a  book  issued  by  the 
Professors  of  the  Leiand  Stanford  junior  University,  more  space 
is  given  to  the  economic  geology  of  the  United  States  than  to  that 
of  other  countries.  The  book  has  a  good  index,  and  is  illustrated 
by  a  number  of  charts  and  sections.  The  compositions  of  minerals 
are  mainly  taken  from  Dana. 

IV. — Canadian  Geology.  Sessional  Paper  No.  26,  64  Victoria, 
Summary  Beport  of  the  Geological  Survey  Department,  for  the 
year  1900,  is  an  octavo  of  203  pages  and  forms  an  important  and 
interesting  document.  It  has,  moreover,  a  melancholy  interest  in 
that  it  is  the  last  report  from  the  pen  of  the  late  G.  M.  Dawson. 
In  this  report  especial  prominence  is  given  to  the  results  of  field- 
work,  "  thus  affording  an  early  publication  of  a  preliminary  kind 
for  any  new  facts  obtained,"  an  object  that  entitles  this  report  to 
especial  attention.  During  the  year  1900  twelve  new  maps  were 
completed  and  finished,  and  eighteen  others  were  either  in  the 
engraver's  hands  or  in  the  press.  Mr.  James  White  has  completed 
his  Altitudes  in  the  Dominion  of  Canada,  and  this  will  shortly  be 
issued.  Attention  is  again  drawn  to  the  inadequate  safety  of  the 
present  Museum  and  offices.  It  is  a  penny-wise-and-pound-foolish 
policy  to  allow  such  precious  and  costly  records  to  continue  exposed 
to  the  danger  of  fire.  After  a  series  of  reports  on  economic  minerals, 
a  good  account  is  given  of  the  exhibit  sent  by  Canada  to  the  Paris 
Exhibition,  and  the  report  proper  opens  on  p.  37  with  a  detailed 
account  of  the  Yukon  district.  The  areas  explored  are  those  of  the 
Stewart  and  Yukon  rivers,  the  coals  and  lignites  of  the  Klondike 
river,  and  the  copper  deposits  of  White  Horse.  Prom  p.  52  work 
accomplished  in  British  Columbia  is  detailed,  and  a  map  of  the 
Atlin  Goldfields  is  appended,  the  geology  of  which  is  provided  by 
Mr.  J.  C.  Gwillim.  Mr.  J.  M.  Bull  reviews  the  explorations  carried 
out  in  the  Mackenzie  district,  after  which  the  report  deals  with 
Canada  proper.  New  Brunswick,  and  Nova  Scotia.  As  regards 
SEOology,  the  chief  item  of  interest  is  the  announcement  that  Professor 
H.  F.  Osbom  is  at  work  upon  the  Tcrtebrate  remains  collected  from 
the  Cretaceous  rocks  of  the  Bed  Deer  Biver,  and  drawings  have 
already  been  prepared  for  the  report  which  it  is  hoped  will  soon 
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be  issaed.  Lambe's  "  Bevision  of  the  Qenera  and  Species  of  the 
Madreporaria  Aporosa  and  Madreporaria  Rugosa"  has  been  pub- 
lished, and  Whiteaves'  fourth  part  of  Mesozoio  Fossils  was  issaed  in 
November,  1900. 

V. — Canadian  Pai.2bozoio  Oo&als. — Lawrence  M.  Lambe  has 
issued  part  ii  of  his  Revision  of  the  Genera  and  Species  of  Canadian 
Palsdozoio  Corals,  as  Contributions  to  Canadian  Palsoontology,  voL  iv, 
pt.  2.  This  part  deals  with  the  Madreporaria  Aporosa  and  the 
Madreporaria  Rugosa,  and  consists  of  200  pages  and  13  plates.  The 
work  is  of  considerable  value  and  seems  to  have  been  prepared  with 
much  care ;  there  is  little  new  in  it,  but  that  perhaps  shows  more 
exactly  the  attention  which  the  author  has  paid  to  his  predecessors. 
Perhaps  Nicholson's  work  might  have  been  more  care^lly  studied. 
We  do  not  grasp  the  author's  reasons  for  rejecting  the  genus  HeUo- 
phyUum  and  placing  the  species  under  Cyathophyllim,  or  for  using 
Araehnophyllum  in  the  place  of  Siromhodes,  The  monograph  is 
a  valuable  addition  to  the  literature  of  the  Palsoozoic  Madreporaria, 
and  we  hope  the  author  will  be  encouraged  to  continue  it 

VI. — Paleozoic  Cbustaoba. — In  the  64th  annual  report  of  the 
New  York  State  Museum,  1900  (1901),  J.  M.  Clarke  has  some  notes 
on  new  Crustacea.  One  of  these,  the  peculiar,  eyeless,  semi-trilobitic 
merostome,  called  P$eudoni$cu$  by  Nieszkowski  in  1859,  has  been 
found  in  the  Eurypterus  dolomites  of  Litchfield,  Herkimer  County, 
and  is  described  under  the  name  of  P.  Booseveltu  Some  of  the 
American  specimens  are  perfect,  and  Mr.  Clarke  has  been  enabled 
to  add  a  good  deal  to  our  knowledge  of  the  animal.  The  other  new 
Crustacea  described  in  his  paper  are  Ceraiioearii  pracedens,  Emme- 
Uzoe  decora,  and  Eitheria  Oriom ;  the  latter  is  a  Coal-measure  form 
and  was  found  at  Carrollton. 

VII. — Nbw  Geolooioal  Map  of  the  Mont  Blano  Massif. — 
Professors  Duparc  and  Mrazec  have  issued  the  map  to  accompany 
their  memoir  on  Mont  Blanc,  published  in  1898  by  the  Sooi6t6 
Physique  et  d'Histoire  Naturelle  de  Geneve.  They  had  the  col- 
laboration of  Dr.  Pearce  for  the  Val  Ferret  region  and  for  the 
Courmayeur  synclinal.  The  map  is  based  on  that  of  Albert  Barbey, 
but  includes  Mont  Catogne ;  its  scale  is  1 :  50,000,  and  it  is  clearly 
printed  and  lightly  tinted  in  colour.  The  publisher  is  Comptoir 
Mineralogique  et  Geologique  Suisse,  Mined,  6,  Rue  St.  Leger, 
Geneva.  Price  not  quoted.  The  publishers  also  announce  the 
completion  of  collections  of  rocks  referred  to  in  Professors  Duparo 
and  Mrazeo's  memoir,  49  specimens  for  180  francs. 

Vin. — Geolooy  of  thb  Philippinb  Islands. — ^The  United  States 
Geological  Survey  has  included  in  its  twenty-first  annual  volume 
a  report  on  the  Geology  of  the  Philippine  Islands.  The  work  was 
entrusted  to  George  F.  Becker,  who  has  produced  an  admirable 
Tesum6  of  the  work  of  all  who  have  gone  before,  and  has  added  to 
that  observations  of  his  own,  taken  at  considerable  disadvantage 
owing  to  the  unsettled  state  of  the  Islands.  The  report  is  rather  an 
attempt  to  bring  together  all  that  is  known  than  to  provide  a  new 
and  complete  account  of  the  geology  of  the  Philippines.     Becker  lists 
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-some  100  papers  on  the  sabjeot,  and  has  provided  a  translation  of 
Martin's  paper  on  the  Tertiary  Fossils  which  was  published  in  1895. 
He  also  gives  two  excellent  maps  of  the  Islands,  drawn  by  the 
Jesuit  Fathers,  and  has  utilized  a  sketch  of  the  mineral  resouroes 
compiled  for  him  from  the  archives  of  the  Inspecci6n  de  Minas  by 
Luis  Espina.  Becker  accompanied  General  Otis  to  Manila,  and 
remained  in  the  Islands  fourteen  months,  but  could  accomplish  little 
original  work  because  of  the  attitude  of  the  natives.  The  paper  will 
be  very  useful  to  all  subsequent  workers,  and  this  seems  to  be  its 
real  purpose. 

IX.— New  Bbaohiopoda,  ito.— ^1)  Suppl.  zu  d.  Beschreibung  der 
-Silurischen  Oraniaden  der  Ostseelander.  Fbibdeioh  Hotnimoin 
HniNE.  K.  Buss.  Mineralog.  Qesellsch.  zu  St  Petersburg,  1900, 
Ser.  II,  Bd.  xxxviii.  No.  1,  with  3  plates.  (2)  Ueber  Aulacomerella, 
ein  neues  Brachiopodengeschlecht.  Idem,  with  plate.  (3)  Beitraga 
zur  Beurtheilung  der  Brachiopoden.  F.  H.  Hubmb.  Centralblatt 
fiir  Mineralogie,  etc.,  1901,  woodcut.  (4)  Cambrian  Brachiopoda : 
Obolella,  subgenus  Olyptia$;  Bieia;  Obolui,  subgenus  We$t<mia; 
with  Descriptions  of  New  Species.  C.  D.  Waloott.  Proc.  U.S. 
National  Museum,  1901,  vol.  ii. 

The  first  of  these  four  pamphlets  contains  figures  and  descrip- 
tions of  species  belonging  to  different  genera  of  Silurian  Oraniadsd, 
illustrations  of  the  shell-structure  of  two  genera,  Pseudocrania  and 
Pseudometopama,  geographic-geologic  tables,  and  other  important 
matter.  In  the  second  contribution  two  species  of  a  new  genus, 
Atdaeomereltaf  are  described  and  figured.  The  genus  is  said  to  show 
eenile  characters ;  and  also  to  be  a  homoeomorph  of  Aulacorhynehus, 
a  fact  referable,  the  author  suggests,  to  "repetition  of  develop- 
ment" The  third  paper  is  a  later  contribution  by  the  same  author. 
It  discusses  the  bearing  of  certain  facts  upon  studies  of  Brachiopods, 
dealing  especially  with  some  important  anatomical  results  of 
F.  Bloohmann.  The  author  also  calls  attention  to  the  great  confusion 
in  the  nomenclature  of  the  shell  muscles,  pleading  for  a  uniform 
Latin  system.  The  last  paper  is  a  forerunner  of  a  monograph. 
A  new  genus,  two  new  subgenera,  and  several  new  species  are 
described ;  but  there  are  no  figures.  We  much  regret  to  find  so 
eminent  a  palsBontoIogist  as  Dr.  Walcott  countenancing  so  very 
undesirable  a  practice. 

I^  DS3  "V  I  E  "VT"  S- 


I.  —  Fauna  dbb  Gaskohlb  und  dbb  Ealkstbinb  deb  Pebm- 
roBMATiON,  BoHEMS.  By  Dr.  Anton  Fbitsoh.  Vols,  i-iv : 
pp.  552,  394  text-figures  and  165  chromolithographic  plates. 

AFTEB  devoting  thirty  years  of  almost  continuous  work  to  its 
study  and  elucidation,  the  author.  Dr.  Anton  Fritsch,  has 
completed  the  illustration  and  description  of  the  Permian  Fauna  of 
Bohemia,  the  marvellous  richness  of  which  has  surprised  all  students 
of  palsBontoIogy  ;  and  we  congratulate  our  distinguished  fellow- 
worker  upon  having  lived  to  achieve  so  important  an  undertaking. 


Digitized  by  VjOOQ IC 


474        ReviewH — Permo-Carhoniferout  Fauna,  Bohemia. 

In  1860  only  thirteen  species  of  vertebrates  were  known  front 
these  formations  in  Bohemia  ;  now  123  species  have  been  recorded, 
and  66  of  invertebrates,  making  together  189  speoies,  all  figured 
and  described. 

In  monographing  and  carefully  drawing  more  than  sixty  species 
of  Stegocephalia,  the  author  has  been  cautious  not  to  advance  any 
phylogenetio  speculations,  seeing  that  the  group  does  not  lend  much 
help  in  explaining  the  evolution  of  amphibians,  and  we  are  led  to^ 
the  conclusion  that  a  long  series  of  unknown  vertebrates  must  have 
existed  before  these  formations  were  deposited — the  ancestors,  in 
fact,  of  these  Permian  forms. 

The  osteological  details  given  in  this  work  will  certainly  prove 
of  great  value  in  future  comparative  anatomical  investigations* 
The  beautifully  preserved  remains  of  Dipnoi,  .including  even  an 
entire  specimen,  demonstrate  how  little  that  group  has  changed 
from  the  Carboniferous  Ctenodm  to  the  living  Ceratodus  of  Australia. 
In  the  order  Selaohii  the  author  has  adduced  important  evidence  as 
to  the  structure  of  the  fins  in  PleuracanthuB  (Xenacanthtu),  and  his 
opinion  that  they  have  been  developed  from  a  series  of  parallel  rays 
has  only  a  short  time  subsequently  been  confirmed  by  the  discovery 
of  the  fin  of  Cladoaelache  in  the  Upper  Devonian  of  Ohio.  Many 
figures  from  this  work  have  been  reproduced  by  Wiedersheim  and 
other  authors  who  have  written  lately  on  the  fins  of  recent  Selaohii. 
The  tribe  of  Acanthodians  has  been  augmented  by  two  new  and 
important  genera — Traquairia  and  Frotacanthode$,  which  latter  ia 
a  predecessor  of  the  true  Acanthodians  of  later  times.  The  notea 
on  Silurian  Acanthodians  are  very  interesting  and  most  valuable. 
Amongst  the  Palseoniscidsa,  the  new  genus  Trisaolepis,  with  three 
kinds  of  scales,  is  most  remarkable,  showing  the  gradual  development 
of  the  ganoid  scales  beginning  near  the  tail. 

In  the  fourth  volume,  which  is  devoted  to  the  Invertebrata, 
evidence  is  brought  forward  to  show  that  insects  with  complete 
metamorphosis  were  already  represented  in  Palseozoic  times  by  the^ 
Tricbopteroid  genus  Fhryanaa  and  by  the  larva  of  a  beetle  {Archi- 
carabides  pater).  The  myriopods,  of  which  thirty-five  species  havfr 
been  recorded,  are  treated  with  especial  care,  being  represented  in 
Permian  times  by  a  greater  number  of  distinct  families  than  at  the 
present  day.  The  discovery  that  they  possessed  three  simple  thoracic 
segments  is  very  important.  The  Arachnida  were  represented  by 
Tetrapneumonous  spiders,  and  the  Merostomata  by  FraUmulua  Wood- 
war  di,  a  Limulus  with  simple  extrem  ities  to  its  legs.  The  En tomost raoa 
have  long  been  determined  with  the  valuable  assistance  of  Professor 
T.  Bupert  Jones,  and  the  plates  show  that  in  some  specimens  the^ 
soft  parts  and  internal  structures  of  the  animal  have  been  preserved 
within  the  test,  and  even  embryos.  To  the  systematic  worker  in 
the  Malacostraca  the  restored  figure  of  Oampsonyz  from  Lebach  will 
be  of  the  greatest  interest,  as  it  shows  that  this  Orustacean  was  not 
provided  with  bifurcated  appendages,  like  Afysts,  but  with  simple 
ones.  A  new  genus  of  Orustaoeans,  Ooioearis  (a  rather  barbarous 
name),  has  also  seven  equal  pairs  of  simple  legs,  and  forms  with 
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Oampsonyx  and  the  Amerioan  genus  AearUhotelaon  a  new  suborder — 
Simplioipoda. 

In  a  supplement,  Dr.  Anton  Fritsoh  introduoes  the  figure  of  a  true 
reptile,  Naosaunu,  whioh,  like  the  American  speoies  from  the  Permian 
of  Texas,  possessed  lateral  spines  attached  to  the  long  neurapophyse& 
of  the  vertebral  column.  Amongst  the  new  Stegocephalia  is  a  very 
fine  skeleton  of  the  remarkable  genus  Ptyonius, 

It  is  not  too  much  to  say  that  during  the  past  century  no  single 
worker  has  produced  a  monograph  on  Palaaozoic  palsaontology  of 
equal  importance.  We  are  glad  to  be  able  to  record  that  the  value 
of  Dr.  Fritsch's  labours  has  been  recognized  by  the  Council  of  the 
Geological  Society  of  London,  who  awarded  him  the  Lyell 
(^logical  Fund  in  1881,  on  the  issue  of  the  author's  first  volume ', 
whilst  the  Paris  Academy  presented  Dr.  Fritsch  with  the  Cuvier 
Prise  on  the  completion  of  his  great  work.  We  feel  sure  that  all 
palfldontologists  will  rejoice  to  see  the  completion  of  this  important 
monograph,  and  will  join  with  us  in  complimenting  its  author  on 
the  successful  termination  of  his  arduous  labours. 


II. — Gboloot  of  the  South  Afbioan  Bbpublio  of  the  Trans- 
vaal. By  G.  A.  F.  MoLENORAAF.  Bull.  Soc.  G6ol.  de  France 
(4),  1901,  i,  pp.  13-92,  19  text-figures  and  2  plates.  PL  i: 
Geological  Sketch  at  1  :  1,500,000.    PI.  ii :  Geological  Sections. 

THE  geological  researches  in  the  Transvaal  are  considerably 
favoured  by  the  dry  and  mild  climate  and  the  scarce  vegetation, 
as  well  as  by  the  simplicity  of  the  structure  of  the  country.  The 
greatest  drawback  is  the  absence  of  determinable  fossils  in  the 
sedimentary  formations,  with  the  exception  of  the  Upper  Karroo. 
The  geological  map  must  therefore  be  considered  as  a  mere  diagram- 
matical sketch. 

Viewed  in  the  abstract,  after  passing  the  Jurassic,  Cretaceous,  and 
more  recent  formations   near   the  littoral,   the  chief  rocks  of  the 
Transvaal  are  as  follows,  in  descending  order : — 
IIL  The  Karroo  System. 
II.  The  Gape  System. 
I.  The  Primary  South  African  System. 
This  classification  had  already  been  adopted  by  Bain  for  the  Cape 
Colony  and  by  Schenk  for  the  whole  of  South  Africa. 

I.   Primary  South  Afrioam  System. 

The  Primary  South  African  System  is  composed  of  stratified 
deposits  associated  with  numerous  intrusive  massifs  of  granite ;  the 
structure  of  the  former  has  been  subjected  to  oontaot-metamorphism 
produced  by  the  intrusion  of  the  latter. 

The  gold-mines  are  chiefly  in  the  Primary  System  and  in  the 
neighbourhood  of  Barberton ;  the  series  of  the  famous  Wit- 
watersrand  has  been  calculated  by  De  Launay  at  7,500  metres. 
The  gold  is  mostly  found  in  the  conglomerates,  there  being  much 
less  in  the  quartzites. 

The  age  of  the  Primary  South  African  system  is  unknown.  In 
the  Cape  Colony,  however,  an  undoubtedly  Devonian  formation 
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overlies  nnoonformably  the  Malmesbury  Series  and  the  massifs  of 
granite  by  which  it  is  traversed.  The  Malmesbury  Series  being 
part  of  the  Primary  South  African  System,  this  last  must  be 
Fre-Devonian,  viz.  either  Silurian  or  Pre-Oambrian. 

II.  Gape  System. 
The  Cape    System  is    composed    of    the    following    divisions, 
enumerated  from  above  downwards : — 

5.  Series  of  the  Waterberg  Sandstone. 

4.  Plutonic  Series  of  the  Boschveld. 

3.  Pretoria  Series. 

2.  Series  of  the  Dolomites. 

1.  Series  of  the  Black-reef. 

The  Bokkeveld  strata  of  Cape  Colony,  corresponding  to  the 
Dolomites  of  the  Transvaal,  are  the  only  deposits  anterior  to  the 
Karroo  System  in  which  fossils — marine  organisms  of  the  Lower 
Devonian — ^have  been  found. 

The  physical  features  of  the  deposits  where  the  Dolomites  pre- 
dominate offer  a  great  resemblance  to  the  Austrian  Earst  Caves  are 
frequent,  many  of  them  being  ossiferous ;  the  organic  remains  have 
not,  up  to  the  present,  been  studied.  In  many  places  rivulets, 
penetrating  through  fissures  at  the  surface,  form  subterranean 
watercourses  and  lakes,  and  reappear  again  in  the  form  of 
numerous  and  voluminous  watercourses,  which  scarcely  diminish 
during  the  dry  season.  To  these  remarkable  constant  sources  of 
iiupply  almost  all  the  perennial  rivers  of  the  Western  Transvaal 
owe  their  existence. 

III.  Eabboo  System. 

In  the  Transvaal  the  Karroo  System  rests  unconformably  on  the 
before  -  mentioned  older  formations,  and  generally  in  a  horizontal 
position.  Two  primary  subdivisions  are  to  be  distinguished,  the 
Lower  and  the  Upper  Karroo. 

1.   Lower  Karroo. 

Oenerally  speaking,  the  strata  of  the  Lower  Karroo  are 
horizontal,  although  following  more  or  less  the  undulations  of  the 
.ground.  In  the  whole  of  South  Africa  geologists  have  adopted 
the  subdivision  of  the  Lower  Karroo  into  two  Stages,  viz.  the 
Dwyha  Conglomerate  and  the  ^cca  strata. 

The  author  adheres  to  the  opinion  of  those  geologists  (Sutherland, 
Oriesbaoh,  Stow,  Schenk,  etc.)  who  consider  these  two  itages  as 
deposits  of  undoubtedly  glacial  origin,  probably  of  the  Permian 
period.  We  must  be  prepared  to  find  all  the  phenomena  of  a  pro« 
longed  glacial  action  in  much  larger  and  more  imposing  proportions 
than  the  diluvium  of  the  Northern  Hemisphere. 

The  problem  of  the  giaciation  of  South  Africa,  during  the  Permo- 
Carboniferous  period,  presents  more  than  a  local  interest.  The 
geological  researches  in  India  and  Australia  have  shown  that  in 
these  countries  formations  exist  of  striking  analogy.  In  India  the 
Oondwana  System  may  be  identified  with  the  system  of  the  Karroo. 
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At  its  base  are  found  the  Tc^chxt  Conglomerates,  absolutely  oomparabl& 
with  the  Dwyha  Conglomerate.  The  older  underlying  rocks  ( Vindhyan 
limestones)  have  been  found  to  be  polished  and  striated  in  various 
localities,  e.g.  near  Chanda  in  the  Central  Provinces  of  India.  The 
Talehir  shales  are  associated  with  this  conglomerate ;  they  offer  all 
the  characters  of  the  Ecca  strata,  and  like  the  latter  they  are  almost 
everywhere  devoid  of  fossils.  On  these  glacial  deposits  rest  sand- 
stones comparable  to  the  sandstone  of  the  Upper  Karroo,  and  in 
which  has  been  found  a  Olossopteris  flora,  very  similar  to  that  of 
the  Karroo. 

In  Australia  the  traces  of  an  ancient  glaciation  are  not  less 
evident,  and  the  glacial  deposits  which  there  also,  as  in  the  Salt 
Bange  of  India,  are  associated  with  sediments  containing  marine 
fossils,  show  that  the  glaciation  of  these  two  continents  was  con- 
temporaneoas  and  took  place  during  the  last  period  of  the  Palsdozoio 
era.  Moreover,  the  general  affinities  between  the  Karroo  and  the 
Oondwana  System  are  so  evident  that  we  must  admit  the  con- 
temporaneity of  the  Permian  glacial  deposits  in  South  Africa, 
India,  and  Australia. 

2.    Upper  Karroo, 

The  strata  of  the  Upper  Karroo  are  almost  everywhere  found  in 
a  normal  and  horizontal  position;  they  are  composed  of  sand- 
stones, argillites,  arenaceous  argillites.  Carboniferous  clays,  and 
Carboniferous  strata. 

Horizon  of  the  Coal. — In  the  Upper  Karroo  of  the  Transvaal, 
provisionally  called  by  the  author  the  Hoogeveld  formation,  are 
found  the  Carboniferous  strata  which,  on  account  of  the  continual 
increase  of  the  Witwatersrand  mining  industry,  must  prove  a  great 
wealth  to  the  country.  The  deposits  are  immense :  the  coal-mines 
of  the  Transvaal  will  certainly  supply  the  demands  of  the  whole  of 
Africa  for  at  least  a  hundred  years. 

The  Carboniferous  strata  of  the  Transvaal  seem  to  be  vegetable 
alluvia,  deposited  by  the  action  of  torrents.  Fragments  of  trunks 
of  SigiUaria,  and  trunks,  branches,  and  leaves  of  several  species  of 
Olossopteris,  largely  compose  these  coal-beds. 

The  mode  of  formation  of  the  Upper  Karroo  may  be  imagined 
to  have  taken  place  in  the  following  manner.  After  the  retreat  of 
the  glaciers  the  paysage  morainique  predominated  in  this  region, 
where  the  Dwyka  Conglomerate  was  in  a  great  measure  covered, 
and  on  all  sides  surrounded,  by  the  Ecca  strata.  Erosion  soon 
began  to  exercise  its  destructive  action,  and  the  Lower  Karroa 
deposits  were  doubtless,  in  places,  completely  remanids  ;  at  the 
same  time  a  series  of  sediments,  constituting  the  Upper  Karroo, 
were  being  deposited.  These  fresh- water  deposits  were  accumulated 
partly  in  the  watercourses,  partly  in  the  lakes ;  they  were  made  up 
of  obliquely  stratified  sandstones  and  clays,  and  sometimes  also  of 
strata  of  plant -remains,  transported  by  the  torrents;  the  latter 
strata  have  become  the  present  Carboniferous  beds.  Only  a  small 
portion  of  the  enormously  developed  Karroo  System  has  been 
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presenred,  the  remainder  haying  been  destroyed  daring  the  period  of 
denudation  following  its  formation  ;  this  period  oontinues  at  the 
present  day. 

As  to  the  age  of  these  deposits,  the  researches  of  Seward  and 
Zeiller  on  the  plant-remains  have  shown  that  the  lower  iiage  of  the 
Upper  Karroo  of  the  Transvaal  is  of  Permo-Carboniferoos  age. 

The  wording  of  the  title  of  the  paper  here  reviewed  is  somewhat 
surprising.  We  remember  that  the  author  figured  as  delegate  of  the 
''South  African  Republic"  at  last  year's  International  Geological 
Oongress.  But  then  the  Congress  was  somehow  connected  with 
the  Exhibition.  In  the  present  instance  we  are  sorry  to  state  that 
a  scientific  society  does  not  refrain  from  imparting  a  political  bias 
to  a  purely  scientific  paper,  which,  coupled  with  the  expressions  of 
the  President  of  the  French  Geological  Society  when  welcoming  the 
author  (p.  9),  seems  hardly  friendly  towards  this  country. 


C0I^I^ES:P01sriDElT0JE3. 

JUBASSIC  BRACHIOPODA. 

Sib, — May  I  beg  a  little  of  your  valuable  space  to  make  a  cor- 
rection in  my  paper  **  Homoeomorphy  among  Jurassic  Brachiopoda  " 
(Proc.  Cotteswold  Nat.  F.C.,  vol.  xii).  Therein  I  have  figured  and 
described  a  new  species  as  Zeilhria  aubcomutaf  the  specific  name 
being  the  same  as  was  used  between  Dr.  Davidson  and  myself 
twenty  years  ago  in  correspondence  about  the  same  shell.  But 
there  is  already  a  subcomuta  used  by  Quenstedt,  and  it  would  also 
be  Zeilleria  suheomuta.  Wherefore  I  desire  to  change  the  name  of 
my  species  to  Zeilleria  comutiformi$.  1  would  take  this  opportunity 
to  thank  you  for  your  kindly  notice  of  this  paper,  but  may  I  ask  if 
your  reviewer  has  quite  separated  *'  time-table  "  from  a  table  of  strata 
when  he  surmises  that  perhaps  I  claim  no  more  than  a  local  value 
for  my  **  elaborate  time-table.'*  Certainly  I  made  no  definite  claim ; 
but  I  own  to  thinking  that  a  time-table,  as  such,  is  of  worldwide 
application.  There  is  no  local  limit  to  time,  and  there  can  be  no 
local  limit  to  a  time-table.  Whether  the  records  of  the  rocks  in 
distant  localities  may  be  sufficiently  perfect  to  enable  their  dates 
to  be  stated  with  as  great  exactitude  as  in  my  time-table,  is  another 
matter.  But  the  table  of  strata  which  I  have  given  in  connection 
with  this  time-table  shows  that  from  Yorkshire  to  Dorset,  from 
Dorset  to  Wiirtemberg,  the  time-table  is  a  means  of  exactly  dating 
Jurassic  events;  therefore  it  has  much  more  than  a  local  value. 
But  in  that  table  I  gave  the  results  of  only  my  own  work,  and 
refrained,  except  in  one  or  two  striking  instances,  from  quoting 
literature.  Had  I  done  so,  it  would  have  shown  even  more  clearly 
that  the  time-table  is  a  means  whereby  Jurassic  events  over  a  large 
part  of  Europe  can  be  exactly  dated  now  ;  and  there  is  good  reason 
to  think  that  the  same  may  be  said  of  a  far  wider  field  in  the  future. 

S.   S.   BUOKMAM. 
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FOSSILS  AND  OAENETS. 

Sib, — On  p.  165  of  the  current  Yolame  of  this  Magazine  we 
Tead  that  to  the  writer  of  the  article  there  printed  "it  is  very 
difficult  to  understand  how  such  a  fossil  as  a  helemnite  could  have 
retained  its  characteristic  form  while  molecular  changes  of  such 
importance  were  taking  place  in  the  matrix  of  the  rock  ...  . 
The  results  of  contact-metamorphism  most  nearly  resemble  the 
crystalline  schists.  In  them,  so  far  as  my  [the  writer's]  experience 
goes,  garnet,  and  still  more  staurolite,  are  not  formed  until  the 
materials  of  the  rock  have  undergone  such  great  molecular  changes 
as  to  obliterate  all  traces  of  a  sedimentary  origin  "     .     .     .     . 

On  p.  140  of  "Etudes  Synthetiques  de  Geologic  exp^rimentale 
par  A.  Daubr6e/'  dated  1879,  we  read  statements  which  when 
translated  into  English  are  to  the  following  effect : — 

"  It  is  well  known  that  the  crystallization  that  is  brought  about 
^y  the  proximity  of  eruptive  rocks  has  not  always  effaced  the  traces 
of  the  fossils.  There  still  remain  very  distinct  vestiges  of  them  in 
the  middle  of  rocks  crowded  with  crystalline  silicates.  One  need 
only  recall  the  fossiliferous  Silurian  limestone  of  Norway,  which 
contains  at  Brevig  paranthine  and  garnet,  and  at  Gjellebeck 
amphibole  and  epidote  ....  and  lastly,  in  the  Yosges  the 
amphibole  rock  of  Bothau,  in  which  the  corals  have  been  replaced, 
without  being  deformed,  by  crystals  of  amphibole,  garnet,  and 
axinite.  In  some  places  the  rock  now  consists  entirely  of  a  mixture 
of  lamellar  pyroxene,  epidote,  and  compact  garnet,  with  flecks  of 
galena.  In  the  middle  of  this  rock,  composed  entirely  of  silicates 
of  this  nature,  I  have  recognized  perfectly  preserved  impressions 
of  numerous  corals  (more  especially  of  Calamopora  apongitea,  Goldf.) 
and  Flustras  ....  More  than  this,  the  very  cavities  left  by 
the  partial  disappearance  of  the  calcareous  matter  of  these  corals 
are  lined  with  crystals  of  the  same  minerals  as  form  the  bulk  of 
the  rook     .... 

"  Now  it  is  the  same  thing  in  the  case  of  the  crystalline  masses 
we  are  considering  ....  MM.  Lardy  and  Strider  have  found 
in  the  neighbourhood  of  St.  Gotthard  belemnites  in  the  middle  of 
micaceous  schists  with  garnets."  Yebbum  Sap. 


OBia?TJ.A.I2."Y'- 


JOHN   STORRIE,  A.L.S. 
BoBN  1644.  DiBD  Mat  2,  1901. 

John  Stobbix,  for  many  years  Curator  of  the  Cardiff  Museum, 
and  an  earnest  worker  at  the  natural  history  of  Glamorganshire, 
was  bom  at  Muiryett,  in  Lanarkshire.  His  early  years  were  spent 
at  Glasgow,  where  he  was  apprenticed  to  the  printing-trade,  and 
about  the  year  1872  he  found  employment  in  the  Western  Mail 
printing  works  at  Cardiff.  ITie  writings  of  David  Page  had  given 
to  Storrie  an  interest  in  geology,  and  he  pursued  the  subject  with 
zeal  when  he  came  to  reside  in  South  Wales.    The  Silurian  rocks  of 
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Bumney  and  the  Bhsdtio  beds  of  Penarth  attracted  his  special 
attention.  He  obtained  a  new  Silurian  alga  which  was  named 
IfematophycuB  Storrei,  and  be  found  in  Triassic  strata  a  new  speoiea 
of  Ma$todon8auru$.  His  researches  on  these  subjects,  and  many 
important  articles  on  local  botany  and  archaeology,  were  published 
in  the  Transactions  of  the  Cardiff  Naturalists'  Society.  He  was 
awarded  the  proceeds  of  the  Barlow-Jameson  Fund  in  1896  by  the^ 
Geological  Society  of  London.  An  interesting  account  of  bis  life 
and  labours,  accompanied  by  a  portrait,  appeared  in  the  ''Public 
Library  Journal "  of  Cardiff  for  June,  1901. 

JAMES    WALKER    KIRKBY,    F.G.S.  Edinb. 
BoBM  April  10,  1834.  Dibd  July  30,  1901. 

This  well-known  geologist  of  Leven,  Fife,  was  author  of  many 
good  papers  on  the  strata  and  fossils,  Permian  and  Carboniferous, 
of  Durham  and  Fifeshire.  One  paper,  in  1882,  was  written  in 
company  with  E.  W.  Binney,  for  whom  he  managed  the  Pimie 
Coal-mine.  His  first  paper  was  published  in  1858,  and  the  two  last 
appeared  in  the  Transactions  of  the  Edinburgh  G^logical  Society, 
1901,  vol.  viii,  pt  1.  From  1859  onwards  numerous  papers  on  the 
Upper  Palsdozoic  Ostracoda  were  produced  by  Messrs.  J.  W.  Kirkby 
and  T.  Bupert  Jones,  as  joint  authors,  having  worked  together  in. 
determining  and  describing  these  miorozoa. 

He  was  an  invalid  for  years,  yet  his  persistent  energy  enabled 
him  to  throw  much  light  on  the  succession  and  characters  of  the 
long  series  of  Carboniferous  and  Permian  strata,  by  his  personal 
research,  and  largely  by  the  aid  of  his  exact  knowledge  of  the 
Ostracoda  and  their  associated  fossils.  The  Murchison  Geological 
Fund  was  awarded  him  in  1879  by  the  Geological  Society  of  London. 

Having  a  retiring  and  modest  disposition  and  very  poor  health, 
Mr.  Eirkby  did  not  move  much  beyond  the  circle  of  home 
neighbours  and  loving  friends,  but  he  had  many  admirers  abroad 
who  knew  and  appreciated  his  work. 

Ws  have  to  record  the  death  from  apoplexy  of  Professor  Edwabb^ 
Wallkb  Clatpole,  D.So.  Lond.,  B.A.,  F.G.S.,  of  Throop  Polytechnic 
Listitute,  Pasadena,  California,  U.S.A.,  one  of  the  founders  and  for 
many  years  editor  of  the  American  OeologisL 

Mabtin  Fountain  Woodward,  Demonstrator  in  Biology,  Boyal 
College  of  Science,  South  Kensington,  and  Secretary  of  the  Malaco* 
logiciJ  Society  of  London,  was  unfortunately  drowned  on  the  night 
of  September  15th  by  the  capsizing  of  a  boat  in  a  squall  at  Moyw], 
near  Letterfrack,  co.  Ghdway,  Ireland,  whilst  in  charge  of  the  Marine 
Biological  Laboratory  of  the  Joint  Committee  of  the  Department  of 
Agriculture  (Fisheries  Branch)  and  the  Boyal  Dublin  Society,  at 
Ballinakill,  during  the  Summer  vacation.  He  was  a  naturalist  of 
great  promise  and  author  of  several  important  papers  on  the  dentition 
of  the  Mammalia,  on  Pleurotomaria  and  other  Mollusca,  etc.  He  waa 
the  second  son  of  the  Editor  of  the  Geological  Magazine. 
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L  —  On    the    BONB-BSD8    OF    PiKBSMI,    AtTIOA,     and    on    8IMILAB 

Deposits  in  Nobthebn  Eub(ea. 
Bj  A.  Smith  Woodwa&d,  LL.D.,  F.B.S. 

AT  the  suggestion  of  the  British  Minister  at  Athens,  Sir  Edwin 
H.  Egerton,  E.O.B.,  the  Tmstees  of  the  British  Mnseum 
recently  undertook  a  series  of  excavations  in  the  well-known  bone- 
beds  of  Pikermi,  in  Attica,  and  I  was  honoured  by  being  entrusted 
with  the  supervision  of  the  work.  The  owner  of  the  estate, 
Mr.  Alexander  Skouses,  former  Minister  of  War,  most  cordially 
assented,  and  gave  every  possible  facility  for  the  undertaking; 
while  Sir  Edwin  Egerton's  unflagging  interest  and  zeal  combined  to 
ensure  the  greatest  success.  My  wife  and  I  went  into  residence  at 
the  farm  of  Pikermi  early  in  April,  and  we  continued  to  occupy  the 
simple  but  comfortable  room  which  Mr.  Skouses  had  kindly  placed 
at  our  disposal,  until  the  cessation  of  digging  in  the  middle  of  July. 
During  much  of  the  time  we  were  accompanied  by  Dr.  Theodore 
Skouphos,  Conservator  of  the  Geological  Museum  in  the  University 
of  Athens,  which  claims  some  share  of  the  results  of  all  such 
excavations  made  in  Greece.  We  have  to  thank  him  for  much 
help  in  dealing  with  the  workmen,  who  spoke  only  a  language  with 
which  I  was  at  first  unfamiliar. 

The  bones  are  occasionally  exposed  by  the  small  stream  in  the 
ravine  of  Pikermi,  and  they  seem  to  have  been  first  observed  by 
the  English  arch»ologist  George  Finlay,  who  presented  some  to 
the  Athens  Museum  in  1835.  Three  years  later  a  Bavarian  soldier 
took  a  few  specimens  to  Munich,  where  Pikermi  and  its  fossils 
were  first  brought  to  the  notice  of  the  scientific  world  by  Professor 
Andreas  Wagner.  Within  the  next  decade,  more  bones  were  sent 
to  Munich  by  Lindermay  er  and  described  by  Wagner ;  while  during 
the  Winter  of  1852-53  the  young  Bavarian  naturalist  Both  made 
the  great  collection  which  was  described  by  himself  and  Wagner 
in  1854,  and  still  constitutes  one  of  the  chief  treasures  of  the 
Munich  Old  Academy.  About  the  same  time  Ghoeretis  presented 
a  few  specimens  to  the  Paris  Museum ;  while  the  late  Professor 
OBeADB  rr. — ^vol.  vni.— no.  xi,  31 
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Mitzoponlos,  unole  of  the  present  distinguished  Beotor  of  the 
University  of  Athens,  made  a  valuable  and  extensive  collectioii 
for  the  Athens  Museum,  whioh  seems  to  have  remained  unnotioed 
until  1888,  when  the  late  Professor  Dames,  of  Berlin,  studied  it, 
and  wrote  a  brief  account  of  some  unique  specimens  contained  in  it^ 
By  far  the  most  important  excavations  hitherto  made  at  Pikermi, 
however,  are  those  whioh  were  undertaken  by  Professor  Albert 
Gaudry,  under  the  auspices  of  the  Paris  Academy  of  Sciences, 
between  1855  and  1860.  These  researches  made  known  nearly  all 
the  essential  facts  concerning  the  extinct  mammalian  fauna  entombed 
in  the  Pikermi  formation,  and  led  to  several  brilliant  generalizations 
first  published  in  Professor  Gaudry's  well-known  work  on  the 
geology  and  fossils  of  Attica  in  1862.'  During  the  last  40  years 
only  insignificant  diggings  have  been  attempted,  among  them  being 
those  of  the  late  Professors  Neumayr,  of  Vienna,  and  Dames,  of 
Berlin. 

Owing  to  the  permanent  mark  left  by  former  excavations  it  was 
easy  to  choose  sites  for  the  new  explorations  of  the  British  Museum. 
Three  pits  dug  in  continuation  of  former  workings  soon  yielded 
bones,  and  eventually  furnished  a  very  extensive  collection.  Two 
trial  pits  at  other  points  and  in  slightly  different  horizons  produced 
nothing  except  two  decayed  bone-fragments.  Water  still  occurs 
even  in  dry  weather  a  little  beneath  the  bed  of  the  stream ;  but  the 
difficulties  from  this  source  are  now  much  less  than  formerly,  owing 
to  Mr.  Skous^s'  system  of  irrigation,  by  which  the  flowing  stream 
of  the  ravine  is  usually  diverted  at  a  point  high  up  in  its  course. 

The  Pikermi  formation  heis  already  been  well  described  by 
Professor  Gaudry.  It  consists  chiefly  of  red  marl,  varied  with 
lenticnleo:  masses  of  rounded  pebbles  and  occasional  yellowish  sandy 
layers.  Some  of  the  pebble-beds  are  cemented  into  hard  con- 
glomerate. The  materials  are  such  as  might  have  been  derived 
from  the  mountain  mass  of  Pentelicon  which  forms  the  neighbouring 
high  ground,  the  marl  itself  being  apparently  the  detritus  of  marble 
or  other  calcareous  rock.  The  formation  is  of  great  extent  in  Attica, 
and  has  only  attracted  special  notice  at  Pikermi  because  a  stream 
happens  to  have  cut  a  deep  ravine  through  it  and  exposed  fine 
sections  of  the  beds. 

As  already  observed  by  Professor  Gaudry,  the  bones  at  Pikermi 
occur  on  two  definite  horizons,  those  in  the  lower  bed  being  less 
fragile  and  better  preserved  than  those  in  the  upper  bed.'  In  two 
of  our  new  pits  where  the  upper  horizon  is  well  exposed,  it  is 
subdivided  into  two  distinct  layers  by  a  nearly  barren  deposit  of 
marl  from  80  to  45  cm.  in  thickness.  The  rotten  nature  of  the  bones 
is  partly  due  to  their  having  once  been  close  to  or  at  the  surfeu^e, 

>  W.  Damee,  "  Hirsche  imd  Manse  tou  Pikenni  in  Attika  " :  Zeitechr.  deatieh. 
geol.  068.,  1S83,  p.  92,  pi.  y. 

'  A.  Oaudry:  "  Animanz  Fossilee  et  G^logie  de  TAttique,"  Paris,  1862.  Thii 
work  contains  referencee  to  prerions  literature. 

'  A.  Gandry,  *'  B^sultats  des  Becherches  faites  it  Pikenni  (Attique),  sotu  lea 
Anspioes  de  TAcad^mie  " :  Comptes  Bendos,  toI.  zlii  (1866),  p.  291. 
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and  eroded  by  the  present  stream  before  being  oovered  with  the 
three  or  four  metres  of  superficial  gravel  which  now  preserves  them. 
The  bones  are  also  broken  by  the  penetrating  rootlets  of  trees. 
The  lower  horizon  is  at  a  depth  varying  from  one  to  two  metres 
below  the  upper  horizon,  and  thus  secure  fh>m  destruction  by  surface 
agencies.  Like  each  of  the  two  upper  bone-beds,  it  is  rarely  more 
than  30 cm.  in  thickness;  while  the  marl  above  and  below  it  is 
almost  destitute  of  bones,  rarely  yielding  more  than  rotten  fragments, 
but  quite  prolific  in  scattered  land  and  fresh-water  shells.  The 
deepest  excavations  beneath  the  lower  bone-bed  descended  for  about 
three  and  a  half  metres,  and  furnished  the  bone-fragments  and  shells 
throughout.  No  traces  of  vegetable  matter  were  observed  in  any  layer. 

So  far  as  can  be  judged  at  present  from  the  new  excavations,  the 
three  bone-beds  of  Pikermi  are  all  of  the  same  nature  and  contain 
the  same  mammalian  remains.  The  bones  are  massed  together  in 
inextricable  confusion,  and  are  often  mixed  with  a  few  pebbles. 
Large  and  small  bones,  whole  specimens  and  splintered  fragments, 
all  occur  together ;  but  the  small  bones  are  usually  most  numerous 
at  the  bottom  of  the  layer.  Several  specimens  of  approximately  the 
same  shape  and  size  are  often  met  with  in  groups,  as  if  they  had 
been  sorted  by  water  in  motion.  On  one  occasion,  for  example,  the 
scattered  remains  of  many  gazelles  were  found  together ;  in  another 
spot  there  were  several  skulls  of  Tragoceraa  in  one  mass ;  in  other 
cases  nearly  all  the  bones  belonged  to  limbs  of  Hipparion ;  while 
one  area  was  specially  characterized  by  pieces  of  vertebral  columns 
of  Buminants  and  Hipparion.  The  elongated  bones  and  elongated 
groups,  however,  were  never  observed  to  trend  in  one  definite 
direction,  but  were  always  disposed  quite  irregularly ;  thus 
indicating  that  in  the  region  where  the  bones  eventually 
accumulated,  the  water  by  which  they  had  been  transported  either 
became  still  or  moved  only  in  gentle  eddies. 

Very  few  nearly  complete  skeletons  occur,  and  even  when  chains 
of  vertebrsB  are  preserved  most  of  the  ribs  are  lacking.  The  only 
approximately  complete  skeletons  observed  during  the  recent 
excavations  were  those  of  some  Oamivora  (Ictitherium,  Metaretoa,  and 
Maeherodua).  It  is,  however,  obvious  that  many  of  the  bones  were 
still  held  together  by  ligaments  at  the  time  when  they  were  buried ; 
for  numerous  complete  feet  and  nearly  complete  limbs  are  found 
with  all  the  bones  in  their  natural  position.  It  is  also  to  be  noted 
thiU  in  most  cases  these  limbs  are  sharply  bent  so  that  the  two  or 
three  segments  are  almost  parallel,  as  if  they  had  retained  the 
contraction  assumed  at  death.  Some  decomposition  of  the  soft  parts 
had  already  taken  place  even  in  these  instances ;  for  a  few  of  the 
phalanges  of  the  hipparions  and  ruminants  are  often  wanting  when 
the  other  bones  of  the  limb  are  still  in  their  natural  association^ 
while  the  phalanges  of  the  rhinoceros  feet  seem  to  be  always  lost, 
though  the  three  associated  metapodials  are  quite  common. 
Similarly,  the  loosely  articulated  mandible  of  the  Ungulata  is  nearly 
always  removed  from  the  skull ;  it  is  only  commonly  preserved  in 
place  in  the  Oamivora  and  Quadrumana. 
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The  majority  of  the  bones  are  quite  isolated,  and  most  of  the 
skulls  of  the  antelopes  are  so  much  broken  that  only  the  frontlets 
with  bom-cores  remain.  A  large  proportion  of  the  limb-bones  are 
also  sharply  fractured,  some  having  completely  lost  both  extremities ; 
and  small  pointed  splinters  of  bone,  apparently  most  of  Bhinoceros, 
are  often  very  numerous.  Some  of  the  breaking  must  have  taken 
place  before  the  soft  parts  had  entirely  decayed,  as  is  shown  by 
certain  feet  of  Bhinocero$  and  many  limbs  of  Hipparion  and  antelopes. 
In  a  few  cases  I  found  the  three  associated  metapodials  of  Bhinoceros 
with  the  distal  ends  as  sharply  removed  as  if  they  had  been  cut  off 
with  one  blow  of  a  hatchet.  In  several  instances  I  carefully 
extracted  the  nearly  complete  hind  limbs  of  Hipparion  from  the 
soft  marl,  and  in  all  except  one  I  found  that  the  tibia  ended 
abruptly  in  a  sharp,  oblique  fracture  at  its  middle,  with  no  trace 
of  the  proximal  end  of  this  bone  or  of  the  femur.  Moreover,  nearly 
all  the  isolated  tibias  of  Hipparion  were  similarly  fractured ;  while 
among  about  fifty  examples  of  humerus  of  the  same  animal  only 
three  complete  specimens  were  found,  all  the  others  being  sharply 
broken  at  the  weakest  point  of  the  shaft  It  is  therefore  evident 
that  the  limbs  were  often  torn  from  the  trunk  by  a  sharp  break  at 
the  weakest  point  before  the  decomposition  of  the  soft  parts  had 
proceeded  far  enough  to  destroy  the  ligaments. 

The  new  researches  make  scarcely  any  additions  to  the  known 
fauna  of  the  Pikermi  bone-beds,  and  confirm  Professor  Gktudry's 
statement  that  the  smaller  rodents,  insectivores,  and  bats  are  absent 
The  only  striking  discovery  consists  in  fragmentary  evidence  of 
a  gigantic  tortoise,  at  least  as  large  as  the  largest  hitherto  found 
in  Europe.  Many  specimens,  however,  afford  important  new  in- 
formation concerning  the  species  already  described.  Notable  among 
these  are  a  few  portions  of  skull  and  a  mandible  of  Pliohyrax, 
a  skull  of  Samotherium,  a  skull  of  Hystrix  primigenia,  and  the  greater 
part  of  a  skeleton  of  Metarctos.  Remains  of  Hipparion  are  the 
most  abundant  fossils,  and  the  new  series  of  specimens  illustrates 
variations  and  growth-stages  more  satisfactorily  than  any  collection 
hitherto  made.  Isolated  bones  and  skulls  of  Bhinoeeros  are  also 
common,  and  antelope  remains  occur  everywhere  in  great  profusion. 
Limb-bones  of  Giradfidas  are  found  abundantly  in  the  lower  bone- 
bed.  Mastodon  is  rarer,  but  two  small  skulls  were  obtained  from 
the  new  excavations,  and  several  very  large  limb-bones  were  found. 
Among  Carnivora,  IcHtherium  is  the  commonest  form ;  but  remains 
of  Syana  are  not  infrequent,  and  evidence  of  four  individuals  of 
MacharoduB  was  discovered  during  the  present  diggings.  Coprolites 
of  some  bone-feeding  Oamivore,  probably  Hyana,  also  occur.  Skulls 
and  other  portions  of  Ifesopitheeus  are  frequently  met  with.  The 
shells  of  the  small  Testudo  marmorum  are  sometimes  complete,  but 
always  lack  the  skull  and  other  bones  of  the  skeleton.  The 
Chelonian  shells  themselves  are,  indeed,  more  frequently  broken 
and  disintegrated,  and  a  large  proportion  of  the  bone-fragments 
discovered  between  and  below  the  bone-beds  are  recognizable  as 
pieces  of  them.     It  is  noteworthy  that  a  good  specimen  of  Testndo 
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marmorum  was  found  in  the  marl  between  the  upper  and  lower  bone- 
beds  in  one  pit ;  and  a  small  undetermined  snake  was  discovered  in 
a  similar  position  in  another  pit 

While  the  excavation  of  these  fossils  was  in  progress  at  Pikermi, 
Mr.  Frank  Noel,  of  Achmet  Aga  in  Northern  Euboea,  accompanied 
Sir  Edwin  Egerton  on  one  of  his  visits.  He  recognized  that  the 
Pikermi  marls  were  similar  to  some  containing  fossil  bones  on  his 
own  estate.  He  also  perceived  the  identity  of  the  remains  of 
Hipparion  at  Pikermi,  with  the  commonest  fossil  bones  with  which 
he  was  familiar  at  Achmet  Aga.  Many  years  ago  he  had  sent  some 
of  these  bones  to  the  Athens  Museum;  but  they  seemed  to  have 
been  lost  and  had  never  received  any  attention  from  the  Greek 
naturalists.  He  therefore  invited  the  British  Museum  to  examine 
the  discovery  on  his  estate,  and  decide  whether  or  not  the  extinct 
Pikermi  fauna  was  there  represented. 

A  brief  visit  to  the  locality  where  the  bones  occur,  near  Achmet 
Aga,  sufficed  to  confirm  Mr.  Noel's  impressions.  Ilie  interesting 
spot  is  in  a  deep  ravine  on  the  steep  slope  just  below  the 
village  of  Drazi,  at  an  elevation  of  nearly  200  metres  above  the 
sea-level.^  The  torrent  has  cut  through  a  thick  deposit  of  red, 
indurated  marl,  much  like  that  of  Pikermi ;  and  bones  are  noticeable 
in  the  section  at  many  points.  Three  days'  digging  at  one  place 
revealed  two  bone-beds  separated  by  a  thin  layer  of  marl.  The 
bones  seem  to  be  as  abundant  and  varied  as  those  at  Pikermi, 
and  they  exhibit  exactly  the  same  features.  JERpparion  is  agaia 
the  commonest  fossil,  and  mingled  with  the  complete  bones  are 
splintered  fragments.  Land  and  fresh-water  shells  also  occur  in 
great  abundance,  especially  a  species  of  Flanorhia. 

Nearly  all  the  bones  discovered  during  this  brief  visit  were  too 
rotten  for  preservation ;  but  the  weathered  face  of  the  section  alone 
was  explored,  and  the  fossils  would  doubtless  be  found  in  good  con- 
dition further  inwards.  Among  them  could  be  recognized,  besides 
the  innumerable  remains  of  Hipparion,  parts  of  a  skull  and  tibia  of 
BhinoeeroSy  a  frontlet  of  Oazella  6r6«tcomts,  jaws  of  a  small  ruminant, 
a  large  ruminant  metapodial  (probably  Samotherium),  part  of  a  skull 
and  mandible  of  Ictitherium,  and  some  small  carnivore  vertebne. 
There  was  also  part  of  the  skull  of  a  small  species  of  Orycteropus, 
which  I  was  able  to  preserve  and  bring  for  comparison  with  the 
skull  of  the  same  genus  from  Samos  now  in  the  British  Museum. 

From  these  observations  it  is  evident  that  the  Pikermi  bone-beds 
are  not  merely  a  local  accident,  bat  are  due  to  some  widespread 
phenomenon.  The  two  localities  described  are  about  60  miles 
apart,  and  seem  to  be  situated  in  two  distinct  Tertiary  basins 
separated  by  a  barrier  of  Cretaceous  limestones  and  earlier  rocks. 
Whatever  the  catastrophe  may  have  been  by  which  the  animals 
were  suddenly  destroyed,  it  clearly  happened  in  both  places  at  least 
twice,  if  not  three  times,  within  a  comparatively  short  period.    The 

1  For  a  brief  account  of  the  district  see  F.  Teller,  "  Der  GeologiBche  Ban  der  Inael 
Euboea"  :  Denk.  k.  Akad.  Wiss.,  math.-naturw.  Gl.,  toI.  xl  (1880),  pp.  166-160. 
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powerful  force  which  broke  up  and  transported  the  bodies  before 
they  had  completely  decomposed,  was  probably  the  same  in  each 
case ;  while  the  final  resting-place  of  the  bones  both  at  Pikenni 
and  Drazi  must  have  been  beneath  comparatively  tranquil  water, 
where  they  could  be  quickly  buried  in  mud.  The  absence  of  all 
trace  of  vegetable  matter  is  curious;  but  the  most  plausible 
explanation  of  the  broken  limbs  and  torn  portions  of  trunks  seems 
to  be,  that  the  bodies  were  hurried  by  torrential  floods  through 
thickets  or  tree-obstructed  watercourses,  before  they  reached  the 
lakes  in  which  they  finally  rested.  Accompanying  stones  in  rapid 
motion  may  account  for  some  of  the  bone-fragments. 

n. — On  some  Gbustaosa  oollbotbd  bt  Miss  Oaboline  Biblby 
AND  Miss  L.  Copland  fbom  the  Uppbb  Obbtaobous  of  Faxk, 
Dbnmabk. 

By  Hhk&t  Woodwabd,  LL.D.,  F.R.S.,  V.P.Z.S.,  F.G.S. 

(PLATE  XII.) 

IT  is,  I  regret  to  say,  some  long  time  since  my  friend  Miss  Caroline 
Birley  placed  in  my  hands  the  series  of  Crustacea  which  she 
had,  with  the  assistance  of  Miss  L.  Copland,  collected  from  the 
Upper  Cretaceous  of  Faxe,  Denmark. 

As  in  the  interval,  E.  0.  Segerberg  has  figured  and  described 
many  of  these  species  in  Sweden,'  I  propose  to  give  a  translation 
of  his  descriptions  of  such  species  as  I  find  to  be  identical  with 
those  in  Miss  Birley's  collection,  it  being  obviously  needless  to 
describe  them  over  again. 

Miss  Birley  has  favoured  me  with  the  following  note  on  the 
Upper  Cretaceous  quarry  of  Faxe,  Denmark  : — 

"Dr.  Henry  Woodward,  having  kindly  undertaken  to  report  on 
the  Crustacea  obtained  by  Miss  L.  Copland  and  myself  on  two 
visits  to  the  Upper  Cretaceous  (Danian)  beds  of  Faxe,  Denmark, 
has  asked  for  a  note  on  the  locality,  known  to  English  geologists 
far  better  by  repute  than  from  actual  experience. 

**  Situated  in  the  south-east  of  the  island  of  Zealand  or  Seeland, 
where,  though  the  land  is  rich  and  fertile,  the  scenery  is  merely 
pretty  with  beech-woods  and  grass  meadows,  Faxe  offers  little  to 
the  ordinary  tourist,  and  when  we  were  there  only  three  trains 
daily  connected  it  with  Copenhagen,  the  journey  occupying  from 
2f  hours  to  6f .  There  were  then  three  stations  with  the  name  of 
Faxe — Faxe,  Faxe  Strand  (now  Stubberup),  and  Faxe  Laderplads — 
and  Faxe  being  an  inland  hill,  and  not  an  island,  as  the  usual 
misspelling  of  the  name  indicates,  we  dismounted  at  the  first, 
and  saw  opposite,  a  little  hostel,  the  only  visible  building.  Here 
a  genial  couple  made  us  so  comfortable,  in  homely  Danish  fashion, 
that  I  can  only  add  the  fact  that  there  is  a  more  orthodox-looking 
inn  in  Faxe  village,  a  mile  or  so  away.  From  either  end,  the  quarry 
is  reached  in  a  few  minutes  walk.      Danish  is  the  only  language 

1  Oeol.  F5ren.  Stockholm,  1900. 
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spoken,  bat  a  little  of  it  goes  a  long  way  with  the  intelligent  and 
friendly  people. 

<' Approaching  the  quarry  from  the  north,  the  low  green  hill  rises 
before  one  like  a  high  railway  embankment,  and  on  entering  by  an 
upland  path,  or  through  the  cutting  for  the  transport  railway,  one 
finds  that  a  large  portion  of  the  hill  has  already  been  excavated,  in 
a  shape  between  the  letter  L  and  a  high  boot  narrowed  at  the  top. 
The  greatest  length,  about  half  a  mile,  is  from  east  to  west,  and  the 
olifb  or  walls  which  practically  surround  the  quarry,  rise  to  heights 
varying  from  60  to  80  feet  The  character  of  the  rock  ranges  from 
a  compact  creamy  or  pale  yellow  limestone,  used  for  building 
purposes,  to  ordinary  white  chalk,  coral  occurring  in  large  masses 
in  Uiis  ancient  coral-reef.  Unfortunately  I  have  no  notes  of  the 
sequence  of  the  beds,  and  probably  the  zones  have  not  yet  been 
worked  out.  The  fossils  of  most  frequent  occurrence  are  the  coral 
Cladoeora  dichotoma,  carapaces  of  Dramiopaia  rugoaa,  and  casts  of 
NatUiluM  (Hereogloaaa)  danieus  and  Trochua  Icavia.  BaeuUtea  Faujuniy 
always  mentioned  as  characteristic  of  this  deposit,  must  be  more 
frequent  or  better  preserved  in  the  *  Faxelaget '  of  Stevns  Elint  and 
the  island  of  Moen.  If  we  met  with  it  at  idl  in  Faxe,  it  was  rarely. 
The  prevalence  of  Gasteropods  is  a  marked  feature,  and  among  the 
more  striking  of  our  acquisitions  are  a  VoltUa  allied  to  V.  Lamberti 
and  a  large  Pleurotomaria.    The  shells  almost  always  occur  as  casts. 

*'  Fallen  boulders  of  pink  granite  may  occasionally  be  noticed  in 
the  quarry,  and  one  at  least  was  then  in  aiiH  near  its  northern 
entrance." — C.  Birley. 

The  youngest  member  of  the  Cretaceous  formation  of  Scandinavia 
is  the  Danian  of  Faze  (spelt  incorrectly  *  Faxoe '  by  Darwin,^ 
Prestwich,  and  others).  This  stage  is  wanting  in  England,  but  has 
its  equivalent  in  the  Danian  and  Maestrichtian  systems  of  Belgium 
and  Holland,  and  the  Galcaire  Pisolitique  and  Calcaire  h  Baculitea 
of  France.  According  to  Prestwich  it  is  from  45  to  50  feet  thick, 
and  consists  almost  entirely  of  fragments  of  corals  and  Polyzoans 
(Bryozoa),  with  NatUilua  Danicua,  Belemnitella  mucronata,  Baetditea 
Pawaaiiy  Cypraa  huUaria,  etc.' 

K.  0.  Segerberg '  writes  :  — "  The  lower  layer  of  the  Faxe 
Chalk  is  composed  of  compact  or  hard  tubular  limestone,  largely 
composed  of  corals,  hence  called  coral-chalk.  Here  and  there  one 
finds  a  lighter  and  less  compact  bed  almost  wholly  composed  of 
Bryozoa.  Both  the  coral-chalk  and  the  Bryozoa-chalk  are  very  rich 
in  fossils,  contrasting  in  this  respect  with  the  Saltholms  Chalk, 
which  is  a  more  homogeneous,  and  in  its  upper  layer  looser,  chalk* 
lock,  formed  under  other  conditions  than  the  Faxe  Chalk,  which 
is  the  remains  of  an  old  coral-reef." 

^  Charles  Darwin  desoribed  some  remains  of  Cirripedia  (PoUicip^t  itriatutf 
P.  $Ugan$)  from  Faxe  Qncorrectly spelt  Faxoe),  Denmark:  Pal.  Soc.,  1861,  pp.  70,  76. 
It  is,  I  regret,  spelt  *  Faxoe  *  on  tne  Plate  accompanying  this  paper.— H.W. 

"  Prestwich's  «« Geoloey,"  1888,  toI.  ii,  pp.  7  and  302. 

'  "  De  Anomnra  och  Brachynra  Dekapodema  inom  Skandinaviens 


^  _  aviensYngreKrita": 

Oeol.  Fdren.  I  Stockholm  F9rWdl.,  1900,  Bd.  xxii,  H.  5,  p.  1. 
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In  Miss  Birley't  oolleotioii  there  is  (in  addition  to  varioiis 
portions)  an  entire  carapaoe  of  Oalathea  whioh  agrees  best  with 
Oalathea  munidoidea,  K.  0.  Segerberg  (PI.  XII,  Fig.  8).  I  have  also 
referred  to  this  speoies  the  small  detached  chela  (PL  XII,  Fig.  9). 
I  mentioned  the  carapace  of  Oalaihea  in  mj  second  year's 
Anniversary  Address  to  the  Geological  Society  of  Ix>ndon.^ 

The  subjoined  descriptions  have  been  most  obligingly  translated 
for  me  by  Mr.  0.  A.  Eyman,  from  Mr.  K.  0.  ^gerberg's  paper 
<<De  Anomnra  och  Brachynra  Dekapodema  inom  Skandinaviena 
YngreKrita."' 

MACEOUBA— AHOMALA. 

Fam.  OALATHEID^,  Dana. 

1888.     Oalatheida,  Henderson :  Anomnra,  p.  116. 

1894.     Oalatheidei,  Milne-Edwards  et  BouTier :  OalathSid^s,  p.  191. 

1897.    Galathiidh,  Milne-Edwards  et  Bouyier :  Dredging  by  *<  Blake,''  xxxr. 

One  often  finds  both  in  the  coral-chalk  and  the  Bryozoan-chalk 
fragments  or  casts  of  carapaces  with  those  peculiar  cross  striae  which 
are  characteristic  of  the  different  genera  of  this  family.  Steenstrup 
had  already  noticed  these,  and  created  the  species  Galaihea  strigifera. 
Lundgren  was  the  first  who  attempted  to  describe  and  illustrate  such 
fragments.  Along  with  these  Crustacean  remains  are  found  small 
claws,  which  from  their  size,  flat  form,  and  finely  serrated  edges 
agree  with  the  type  peculiar  to  this  family.  Yon  Fischer-Benzon 
was  the  first  who  noticed  and  identified  these  claws.  This  is  all  that 
is  mentioned  about  the  fossil  representatives  of  tbis  group  in  the 
earlier  literature.  In  1897  Moericke  has  contributed  some  valuable 
information  on  the  genus  Oalathea  in  "  Die  Crustaceen  der 
Stemberger  Schichten."  In  this  are  recorded  no  less  than  four 
species  of  this  family  from  the  youngest  Jurassic  formation,  all, 
however,  of  a  type  alien  to  tbe  Danian.  We  may  also  refer  to 
Pelseneer  (Decapod,  du  Maestrioht,  p.  166)  and  Bistori  (Croat. 
Pliocen,  p.  36). 

When  studying  the  collections  from  Faxe  in  the  Mineralogioal 
Museum  at  Copenhagen,  E.  0.  Segerberg  says,  **  1  was  fortunate 
enough  to  find  amongst  the  matrix  of  Bryozoan-chalk  several  well- 
preserved  specimens  with  the  rostrum  in  more  or  less  good  condition. 
By  means  of  this  material  I  have  also  been  able  to  give  a  complete 
description  of  Oalathea  itrigifera,  Steenstrup."  [This  species  is 
not  represented  in  Miss  Birley*s  collection.] 

Galathea  stbigifera,  Steenstrup,  sp. 

P        Oalathsa  ttr%g\ftraf  Steenstrup,  sp. 

1866.  „  „  Yon  Fischer-Benzon  :  Das  Alter  d.  Faxekalkes,  p.  28, 

pi.  V,  figs.  4-6. 

1867.  ,,  „  Lundffren:  Fazekalken,  p.  11. 

1900.  „  „  Si^erbei^:  De  Anomnra  och  Brachynra  Dekapodema  in. 

Skimdmay.  Yngre  Erita,  pL  i,  figs.  1,  2  P 

'  Qnart.  Jonm.  Geol.  Soc.,  Febmary  21,  1896,  yoI.  hi»  P<  criii. 

>  Geol.  Foren.  I  Stockholm  Forhandl.,  1900,  Bd.  xxii,  H.  6,  pp.  42,  3  platee. 
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Length  (of  the  speoimen  in  the  diagram),  6  mm. ;  breadth,  4  mm. 
The  greatest  breadth  is  jast  behind  the  middle. 

Bostrum  triangalar;  its  superior  surfaoe  is  conoaTe,  with  three 
or  four  sharp  spines  on  each  side,  which  are  directed  forwards 
and  diminish  in  size  from  before  backwards.  Anterior  margin 
narrow  and  a  little  elevat€ld  near  the  point  Lateral  margin  curved 
somewhat  outwards  behind  the  centre,  and  provided  anteriorly 
with  small  pointed  teeth  which  are  directed  forwards,  and  of  which 
the  anterior  one  is  a  little  larger  than  the  rest  The  occipital 
sulcus  and  its  branches  are  shallow.  The  surface  of  the  carapace  is 
characterized  by  more  or  less  well-marked  cross-lines,  of  which  the 
two  anterior  ones  are  drawn  out  into  a  short  point  directed  forwards 
and  the  posterior  ones  run  from  side  to  side.  Between  these* 
as  well  as  on  the  rostrum,  the  surface  is  more  or  less  granulated. 
Cardiac  region  more  or  less  prominent,  and  in  some  specimens  pro- 
Tided  with  a  sulcus  in  front. 

This  species  varies  in  this  respect,  that  the  teeth  on  the  rostrum 
are  sometimes  fairly  large,  and  sometimes  are  very  minute,  needle- 
shaped,  and  nearly  invisible. 

Begarding  the  carapace,  O,  strigifera  shows  a  great  similarity 
with  O.  atrigosa  (found  in  the  North  Sea),  and  is  perhaps  a  precursor 
of  this  form. 

This  species  occurs  abundantly  both  at  Annetorp  and  Faxe. 

The  following  species  of  Oalathea  is  in  Miss  Birley's  collection : — 

Galathba  mumidoidbs,  E.  0.  Segerberg.     (PI.  XII,  Figs.  8,  9.) 

(Figures  enlarged  4  times  nat.  size.) 

K.    0.    Segerberg:    Geol.  Foren.  I  Stockholm  Forhandl.,  1900,  Bd.  xxii,  H.  6, 

pi.  i,  fig.  6. 

This  species  is  represented  by  two  rather  incomplete  specimens, 
preserved  as  casts,  both  from  Faxe.  The  length  of  the  specimen 
figured  in  PI.  XII,  Fig.  8  is  7  mm.,  the  breadth  about  4-5  mm. 

The  rostrum  is  narrow  aud  triangular,  its  superior  surface  smooth 
and  slightly  concave,  the  borders  are  smooth  and  provided  on  each 
side  of  the  base  with  a  tooth  directed  forwards.  The  anterior  margin 
of  the  rostrum  is  fairly  well  raised ;  the  lateral  margin  is  curved 
in  front  of  and  behind  the  antero-lateral  branch  of  the  occipital 
furrow,  but  is  otherwise  straight  with  indistinct,  blunt  teeth.  The 
occipital  furrow  and  its  branches  are  well  marked.  The  cross-lines 
are  elevated,  and  run  posteriorly  from  side  to  side  in  a  way  peculiar 
to  this  species.  The  cardiac  region  is  not  prominent.  The  gastric 
region  anteriorly  is  sharply  distinguished  from  the  frontal  region, 
which  is  situated  on  a  lower  level;  in  the  centre  it  is  provided 
with  a  ridge  which  is  continued  on  to  the  rostrum.  On  both  sides  of 
this  ridge,  a  little  behind  the  front  border,  are  four  small  prominences 
arranged  in  a  semicircle  and  diminishing  in  size  outwards. 

This  species  exhibits,  particularly  in  the  foim  of  its  rostrum, 
an  interesting  transitional  form  between  the  genera  Oalathea  and 
Munida,     The  triangular  form  of  the  rostrum  and  its  superior 
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surface  being  slightly  ooncaTe  show  its  relationship  to  QaXaikea^ 
and  on  the  other  hand  the  non-serrated  ridges  and  the  two  teeth 
situated  at  the  base  on  either  side  are  found  in  the  Mttntda-type, 
which  is  represented  by  Munida  primava,  n.sp. 

Several  existing  species  are  known  which,  as  regards  the  formation 
of  the  rostrum,  are  transitional  forms  between  Oalathea  and  Mmtda, 
which,  however,  have  been  arranged  as  separate  genera.  Such  are 
the  Pleuroncode$  of  Stimpson  and  the  Chrimothea  of  Dana.  In  both 
these  genera  one  finds  a  small,  triangular,  non-serrated  rostrum, 
provided  with  teeth  on  each  side  at  the  base. 

Heuroncodes  ^  differs,  however,  both  from  Qalaihea  and  MwMa^ 
amongst  other  peculiarities,  in  its  breadth.  Becent  authors '  consider 
Orimoihea  to  belong  to  the  genus  Munida,  Of  the  living  species  of 
Oalathea,  Q,  puiilla,  Henderson,'  is  nearest  to  O,  munidotdes ;  but 
its  rostrum  is  provided  with  a  small  tooth  on  each  side  in  front 

Munida  pbuubva,  E.  0.  Segerberg. 

E.  0.  Segerberg:  Geol.  Foren.  I  Stockholm  Forhandl.,  1900,  Bd.  xzii,  H.  5,  p.  8, 

pl.  i,  fig.  6. 

Only  one  specimen  of  this  species  has  been  found  from  Faxe, 
preserved  as  a  cast;  still,  the  shell  can  be  partially  seen  at  the 
sides,  but  the  rostrum  and  lateral  teeth  are  broken.  The  greatest 
breadth  at  the  centre  of  the  carapace  is  6  mm. ;  the  length  fit)m  the 
base  of  the  rostrum  to  the  posterior  margin  is  6  mm.  The  rostrum 
is  narrow,  spear-shaped,  provided  with  a  small  tubercle  on  its 
superior  surface,  from  which  runs  a  fine  ridge  along  the  middle  line 
as  far  as  the  occipital  furrow ;  at  the  base  of  the  rostrum  there  is 
on  each  side  a  pointed  tooth.^  The  anterior  margin  is  well  defined 
on  either  side  of  the  rostrum,  and  still  more  along  the  lateral 
margin.  The  lateral  margins  are  slightly  but  evenly  curved,  and 
provided  with  small  pointed  teeth  directed  forwards;  of  these  the 
anterior  one  is  much  larger  than  the  rest,  and  forms  the  demarcation 
of  the  angle  between  the  anterior  margin  and  the  lateral  margin. 
The  occipital  furrow  and  its  branches  are  deep  and  distinct.  The 
regions  on  the  border  are  well  defined,  and  are  thinly  but  sharply 
granulated.  Besides  this  the  superior  surface  shows  several  ridges, 
anteriorly  alternately  longer  and  shorter,  and  here  and  there  are 
small  tubercles.  The  cardiac  region  is  short  and  broad,  with 
a  narrow,  straight  sulcus  in  front  and  behind ;  it  is  crossed  by  three 
lines,  the  two  anterior  ones  converging  towards  the  sides.  The 
middle  part  in  front  of  the  occipitid  furrow  forms  an  oval  area 
pointed  towards  the  sides.  On  the  gastric  region,  near  the  middle 
line,  in  front,  are  two  tubercles  (on  the  carapace  itself  there  have 
probably  been  teeth  corresponding  to  these) ;  outside  and  below 
these  are  smaller,  more  or  less  pointed  ones  (on  both  the  cast  and 

1  Ortmann:  Arthropoda,  p.  1160. 
»  Milne  Edwards :  **  Crustac^  du  Cap  Horn,"  p.  32. 
'  Henderson:  Anomura,  p.  121,  pl.  xii,  fig.  1. 

^  After  the  ori^al  specimen  had  been  drawn  it  was  being  still  further  deToloped, 
and  in  this  operation  the  rostram  was  unhappily  destroyed. — ^K.  0.  S. 
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the  test).  A  similar  form  of  rostrum,  with  lateral  teeth  placed 
olosely  together  at  the  base,  is  also  found  in  recent  species  of 
Munida,  e.g.  M.  forceps,  Milne-Ed w.* 

Lundgren  says,  in  the  description  of  Galathea  strigifera,  "that 
the  lateral  parts,  defined  by  the  above-mentioned  curved  lines,  are 
granulated,  and  that  the  middle  one  is  most  prominent."  Thia 
shows  probably  that  Lundgren,  amongst  his  specimens  of  Oalathea, 
had  also  the  above  described  species  of  Munida. 

BSACHTUBA— ANOHALA. 

Fam.    DBOMID^,    Stebbing. 

Oen.  Dbomiopsis,  Beuss. 

1869.    DromioptU,  Eeufis :  Fossil.  Krabben,  p.  18. 
1866.    Dromia,  Von  Fischer-Benzon :  Alter  a.  Faxekalkes,  p.  23. 
1900.    Dromioptit,   K.   0.   Segerberg :    Geol.   FSren.   I  Stockholm    Forhandl., 
Bd.  xxii,  H.  6,  p.  9. 

The  carapace  is  circular  or  pentagonal,  a  little  broader  than  long, 
much  arched  in  front,  flatter  behind.  The  rostrum  is  triangular 
and  bent  downwards,  with  a  shallow  sulcus  or  furrow  along  the 

Diagram  of  Rboions  and  Drvisiows  op  Carafacb  nr  a  Brachturam  Dbcafod 

Crcstacean. 

Sf.  Sf. 


^^p 


upper  Surface. 

Sf.  frontal  furrow. 

£,  rostrum. 

0.  orbits. 

Mia,  antero-lateral  margin. 

Mlp,  postero-lateral  margin. 

Mp.  posterior  margin. 

Se.  cerrical  or  occipital  furrow. 

8L  lateral  furrow. 

Sbre.  branchio-cardiac  furrow. 


J-Lfl 

Under  Surface. 

Ge.  epigastric  lobe. 

Gm,  mesogastric  lobe. 

Gp.  protogastric  lobe. 

Gu.  urogastric  lobe. 

JJ.  hepatic  region. 

C.  cardiac  region. 

Ba,  antero-branchial  lobe. 

£p.  posiero-branchial  lobe. 

P.  pterygostomial  region. 


middle  line ;  its  borders  are  even  and  raised ;  the  orbits  are  rather 
small,  somewhat  close  together,  and  are  open  internally  towards  the 
rostrum,  from  which  they  are  only  separated  by  a  small  ridge  of 
the  posterior  wall.      The  inferior  orbital  border  is  provided  with 

^  Mihie-Edwardt  et  Boutier :  Dredging  of  SS.  **  Blake,'*  p.  28,  pi.  il,  fig.  8. 


Digitized  by  VjOOQ IC 


492    Dr.  Henry  Woodward — Cretaceous  Crustacea^  Denmark. 

two  teeth,  of  which  the  external  one  is  the  larger.  The  antero* 
lateral  margins  {Mia.)  are  long,  muoh  curved,  and  provided  with 
teeth  varying  in  number  and  often  confluent.  The  postero-lateral 
margins  {MpL)  are  shorter,  nearly  straight,  and  curving  inwards; 
they  are  provided  in  front  with  one  or  two  more  or  less  indistinctly 
marked  teeth.  The  posterior  margin  (Mp.)  is  generally  short  and 
somewhat  incurved.  The  superior  surface  of  the  carapace  is 
divided  transversely  into  three  areas  by  two  sulci  (or  furrows), 
the  anterior  of  which  is  named  the  cervical  furrow  {8e.)  (called 
also  the  occipital  furrow),  and  the  posterior  the  brancMo'Cardiac 
furrow  (Sbrc.)  or  lateral  furrow  (SI).  The  branchio-cardiac 
furrow  is  more  or  less  bent  backwards,  and  often  takes  a  sharp 
curve  forwards,  and,  having  received  a  smaller  sulcus  from  the 
part  in  front,  it  continues  on  to  the  arched  margin  of  the  carapace 
forming  the  lateral  furrow  (SL).  This  sulcus,  which  marks  the 
middle  of  the  superior  surface  of  the  carapace,  is  indicated  only 
by  a  notch  on  the  lateral  margin  over  which  it  passes,  and  is 
continued  forwards  upon  the  inferior  orbital  border  of  the  pterygo- 
stomial  region  (P.). 

Of  the  different  regions  observed  on  the  carapace  the  epigastric 
(Oe.)  and  the  mesogastric  lobes  {Om,)  appear  in  front  of  the  occipital 
furrow  (also  called  the  cervical  furrow)  (8c.),  The  two  epigastric 
lobes  (Ge.)  are  nearly  always  well  marked,  and  are  separated  by  the 
frontal  furrow  (Sf.).  The  mesogastric  lobe  (Om.)  is  prolonged  in 
front  into  a  narrow  point,  and  divided  behind  into  two  parts  by 
a  sulcus  running  lengthwise,  and  in  decorticated  specimens,  from 
which  the  shell  has  been  dissolved  away,  this  furrow  is  always  weU 
defined  by  two  well-marked  raised  surfaces  (these  marks  being  due 
to  the  insertion  of  muscles  on  the  interior  of  the  carapace).  Behind 
the  occipital  furrow  (also  called  the  cervical  furrow),  in  the  front 
part  of  the  centre  of  the  carapace,  is  the  broad  urogastric  lobe  (Gu.) 
(not  always  well  defined).  This  is  separated  from  the  next  region 
by  a  narrow,  plane  or  concave  surface.  The  cardiac  region  (0.)  is 
pentagonal,  with  the  pointed  portion  directed  backwards,  and  on 
decorticated  specimens  nearly  always  marked  by  three  tubercles, 
forming  a  triangle;  on  each  side,  behind  the  occipital  furrow,  are 
the  two  large  branchial  regions  {Ba.  and  Bp.).  The  anterior 
branchial  regions  (Ba.),  situated  in  front  of  the  lateral  sulcus  or 
furrow,  possess  on  decorticated  specimens,  in  the  centre,  a  pointed 
elevation.  The  posterior  branchial  regions  (Bp.)  are  of  a  more 
or  less  marked  rhomboidal  form.  Two  tubercles  can  always  be 
seen  in  decorticated  specimens  in  the  middle  of  the  occipital  furrow. 
The  pterygostomial  region  (P.)  is  very  narrow.  On  this,  behind 
the  lower  border  of  the  orbit,  is  a  transverse  furrow  or  sulcus, 
which  is  often  sharply  marked,  particularly  on  the  inner  part, 
where  the  region  behind  is  more  or  less  pointed. 

The  superior  surface  is  granulated  or  smooth,  the  curved  part 
nearly  always  smooth.  In  the  collections  both  from  Annetorp  and 
Faxe  there  are  isolated  well-preserved  claws,  which  in  their  short, 
stout  form  and  the  direction  of  the  index  and  pollex  resemble  the 
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Dromia-type,  bat  whioh  are  devoid  of  the  dentionlations  peculiar 
to  Dromia.  These  olaws  belong,  no  doubt,  to  representatives  of  the 
genus  Dromiopsis,  which  is  so  stated  in  one  case  (of.  D,  lavior) ; 
among  others  of  the  figured  species  one  is  granulated  in  the  same 
way  as  the  shell  of  D.  rugosa,  and  belongs  probably  to  that  species. 

Of  the  genus  Dromiopsis  four  species  are  already  described,  all 
belonging  to  the  newer  Chalk  formation,  and  all  except  D.  elegans 
known  only  from  the  Faxe  Ohalk.  Dromiopsis  gibbosus,  Schliit,^ 
from  the  Belemnites  mucronatus  Chalk  formation  of  Westphalia,  does 
not  belong  to  this  family,  but  ought  probably  to  be  referred  to  the 
family  Homolopsis  of  Bell. 

Dromiopsis  resembles  in  many  respects  Dromia,  and  Yon  Fischer* 
Benzon  considered  these  two  to  be  identical.  Lundgren  is  also 
of  the  same  opinion.  This  is  easily  explained,  as  the  genus  Dromia 
formerly  comprised  many  more  types  than  are  now  included  with  our 
present  knowledge  of  the  genus.     (Ortmann,  **  Arthropoda,"  p.  114.) 

''After  examining  recent  specimens  in  the  Zoological  Museum 
of  Copenhagen  I  have  been  able  to  show  distinct  generic  differences 
between  Dromia  and  the  genus  Dromiopsis  as  proposed  by  Beuss. 
Dromia  differs  very  distinctly  from  Dromiopsis  by  its  three-toothed 
rostrum,  and  also  by  its  long,  nearly  straight  posterior  border,  much 
larger  pterygostomial  region,  and  its  very  peculiarly  serrated  claws. 
The  genus  Dromiopsis  ought  thus  to  be  maintained  and  to  be 
considered  as  a  precursor  of  Dromia,  This  last-mentioned  genus 
appears  first  in  the  Tertiary  period,  from  which  Bittner'  has 
described  several  types  all  with  the  rostrum  three-toothed.  But 
as  regards  the  pterygostomian  region  these  Tertiary  species  of 
Dromia  resemble  Dromiopsis  (of.  Bittner,  *  Brachyuren  v.  Vicenza, 
Neue  Beitrage,'  p.  307)." 

''The  genus  Dromilites  of  Milne-Edwards,'  belonging  to  the 
Tertiary  formation,  with  which  Dromiopsis  has  also  been  considered 
as  identical,  ought  necessarily  to  be  revised.  The  species  belonging  to 
this  genus  differ  more  or  less  from  Dromiopsis  by  the  denticiQations 
on  the  lateral  borders,  by  more  distinct  regions,  and  by  the  shape 
of  the  branchial  regions.  Zittel's  ^  diagnosis  of  the  relationship  both 
of  Dromiopsis  and  Dromia  is  now  inapplicable." 

Dbomiopsis  BU608A,  Schlotheim,  sp.  (PI.  XII,  Figs.  Sa,  h,  and  4m-c.) 

1820.    Braehyuritea  rugottu,  Schlotheim  :  Petrefactenkunde,  p.  36,  pi.  i,  fig.  2. 
1861.    Brachynrite9  rugomtf  Quenstedt :  Petrefactenkunde,  p.  401,  pi.  xxxi,  %.  11. 
1859.    Dromiopsis  rugota,  Beuss :    Fossil.  Krabben,  p.   10,  pL   iii,  figs.  2,  3 ; 
pL  V,  fig.  6. 

1866.  Dromia  rttgosa,  Yon  Fischer-Benzon :  Alter  d.  Faxekalkes,  p.  24,  pi.  iii, 

figs.  1-^. 

1867.  Droimarff^oM,  Landffren:  Fazekalken,  p.  10. 

1900.    Dromiopsis  rugosa^  Schlotheim,  sp. :  K.  O.  Segerberg,  GeoL  Foren.  I  Stock- 
holm Forhandl.,  Bd.  xxii,  H.  5. 

^  Schliiter :  Krebse  d.  nordl.  Deutschl.,  p.  610. 

'  Bittner :  Brachyuren  y.  Vicenza,  Neue  Beitrage,  p.  306,  pi.  i,  fig.  5  ;  Decapoden 
d.  pannon.  Tertiar,  pp.  21,  26,  pi.  ii,  figs.  6,  6. 

'  Bell :  '♦  Crust  of  London  Clay,"  p.  27,  pi.  v,  figs.  1-9  ;  pi.  tL 
«  Zittel :  Fakeont.,  ii,  p.  703. 
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The  carapace  in  onilme  is  of  a  rouDded  pentagonal  form,  with  its 
greatest  breiBtdth  a  little  anterior  to  the  middle ;  of  nearly  the  same 
length  as  breadth  (1  :  1*1) ;  very  cod  vex,  particularly  anteriorly,  the 
posterior  part  being  flatter  and  often  having  a  depression  in  the  centre. 
In  size  it  varies  from  a  breadth  of  a  few  millimetres  up  to  40  mm. ; 
generally  it  is  from  20  to  25  mm.  The  rostrum  (£.)  is  strongly 
depressed;  the  orbits  (0.)  are  deep;  their  inferior  border  forms 
a  blunt  process  with  two  teeth.  The  antero-lateral  margin 
commences  with  a  sharp  tooth  somewhat  below  the  inferior  orbital 
border ;  in  other  respects  the  lateral  margins  agree  generically. 
The  posterior  margin  is  sometimes  short  and  much  curved,  in 
others  long  and  less  curved;  this  is  probably  due  to  di£ferenoe 
in  sex.  The  occipital  and  lateral  sulci  or  furrows  are  deep  and 
sharply  defined ;  somewhat  broader  on  the  superior  surface  than  on 
the  curved  part.  On  the  inner  half  of  the  anterior  branchial  regions 
there  runs  parallel  to  these  a  much  shallower  middle  sulcus,  which 
forms  a  right  angle  externally  and  ends  in  the  lateral  furrow  (on 
some  specimens  there  are  traces  of  such  a  curved  furrow  going  off 
anteriorly  towards  the  occipital  or  cervical  furrow).  The  epigastric 
lobes  form  two  pointed  eminences.  The  mesogastric  lobe  is  well 
defined,  and  elevated  posteriorly.  The  protogastric  lobes  are  not 
so  well  defined  in  this  type.  The  urogastric  lobe  is  characterized 
by  irregular  eminences.  Between  this  and  the  cardiac  region  there 
is  a  saddle-like  depression,  the  anterior  part  of  which,  towards  the 
sides,  blends  with  the  above  described  middle  sulcus.  The  centre 
of  the  cardiac  region  is  more  or  less  elevated,  and  anteriorly  it  is 
externally  defined  by  the  branchio-cardiac  furrow,  which  on  some 
specimens  is  shallower,  and  runs  forwards  and  outwards  and  unites 
with  the  occipital  or  cervical  furrow.  The  superior  surface  is 
ornamented  with  granules  varying  in  size,  which  become  less 
posteriorly  and  are  not  so  well  defined  (except  on  the  nearly  smooth 
sulci).    The  inferior  surface  has  granules  only  on  its  anterior  part 

The  above  described  details  are  readily  seen  on  all  decorticated 
specimens  and  are  present  on  even  very  small  specimens ;  on  larger 
and  older  examples  they  have  often  been  more  or  less  obliterated. 
Specimens  with  the  surface  of  the  shell  well  preserved  are  not  rare ; 
the  granules  in  these  are  very  distinct,  and  do  not  diminish  in  sise 
posteriorly,  and  are  seen  also  on  the  arched  part  of  the  carapace. 

Dromiopaia  mgoaa  is  not  only  without  doubt  one  of  the  most 
common  decapods  of  the  Faxe  Chalk,  but  also  generally  one  of  its 
most  common  fossils. 

Of  this  little  varying  type  Segerberg  records  having  found  the 
following  different  forms  (see  PI.  XII,  Figs.  4a-c,  x  2  nat  size). 

(a)  Forma  tn/Iato,  small,  more  strongly  and  more  uniformly  arched, 
with  the  regions  less  markedly  distinguished ;  several  specimens. 
(Segerberg,  op.  cit,  1900,  pi.  i,  fig.  10.) 

(/8)  Forma  angusta,  small,  strongly  arched  from  side  to  side; 
somewhat  logger  than  broad,  quickly  tapering  behind  the  occipital 
furrow  towards  the  very  short  posterior  margin.  The  posterior 
part  of  the  mesogastric  lobe  separated  by  a  well-marked  sulcus  fo)m 
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the  protogastrio  lobes,  whioh  are  pointed  downwards  and  inwards. 
This  is  probably  a  Tariety  of  D.  rugosa.  (Segerberg,  op.  cit,  1900, 
pl.  i.  fig.  2.) 

(7)  Forma  nodosa,  large,  with  its  middle  lobes  muoh  aooentuated 
and  elevated  (particularly  the  posterior  part  of  the  mesogastrio  lobe 
and  the  inner  half  of  the  antero-branchial  regions) ;  the  protogastrio 
lobes  on  the  antero-lateral  border  are  also  elevated.  (E.  0.  Segerberg, 
op.  cit,  1900,  pl.  i,  fig.  12.) 

Dbohiopsis  minor,  Von  Fisoher-Benzon,  sp. 

1866.  Dromia  minor.  Yon  Fischer- Benzon :   Alter  d.  Faxekalkes,  p.  25,  pi.  iii, 

fles.  4-6. 

1867.  9,  I,       Landgren:  Faxekalken,  p.  11. 

1900.         „  „       K.  0.  Segerberg :    Geol.  F5ren.  I  Stockhohn  Forhandl., 

Bd.  xzii,  H.  5,  pL  i,  fig.  14. 

Gircumferenoe  nearly  round;  the  breadth  is  to  the  length  as 
16  :  15 ;  the  arching  is  fairly  uniform  all  over,  but  a  little  flatter 
posteriorly.  The  size  varies  from  15  to  27  mm.  in  breadth.  The 
rostrum  is  broad,  triangular,  and  not  so  much  depressed  as  in 
D.  rugosa.  The  lateral  margins  are  evenly  curved  ;  the  antero-lateral 
margin  begins  close  to  and  on  the  same  level  as  the  inferior  orbital 
border,  and  has  5-6  short  oonical  teeth,  generally  well  separated. 
The  postero-latend  margin  anteriorly  is  marked  by  a  tooth.  The 
posterior  margin  is  longer  and  less  curved  than  in  D.  rugosa. 
The  occipital  furrow  is  fairly  deep,  forming  an  angular  bend  on  the 
pterygostomial  region.  Lateral  furrow  shallow.  The  different 
regions  much  less  prominent  than  in  the  preceding  species.  The 
cardiac  region  is  defined  anteriorly  by  a  fine  straight  line. 

The  superior  surface  sparsely  provided  with  small,  mostly  pointed 
tubercles,  forming  a  row  on  each  side  of  the  lateral  furrow.  The 
cardiac  region  and  the  postero-branchial  lobes  are  provided  with 
muoh  fewer  tubercles,  or  they  are  absent  altogether.  In  other 
respects  it  corresponds  with  D.  rugosa. 

This  species,  described  by  Von  Fischer-Benzon,  was  by  him 
supposed  to  be  identical  with  D.  minuia  of  Reuss.'  The  description 
by  Beuss,  however,  is  very  vague,  differing  little  from  D.  elegans  as 
this  species  is  described  and  illustrated  by  Beuss'  himself,  and 
it  is  therefore  probably  only  a  form  of  this  very  variable  species 
from  which  he  has  formed  his  description.  J),  minuta,  Reuss, 
ought  thus  to  be  abolished. 

2>.  minor  appears  rarely  both  at  Annetorp  and  at  Faxe. 

Dbohiopsis  slsgans,  Steenstr.  et  Forchh.,  sp. 

f  DromiliteM  elegant  (eUganiulus),  Steenstr.  et  Forchh.  MS. 

1859.  Dromiopais  elegane,  Reuss:  Fossil.  Krabben,  p.  15,  pl.  iy,  figs.  1,  2. 

1859.  Dromiopeie  minuta  (f),  Reuse :  Fossil.  Krabben,  p.  13,  pl.  iy,  fig.  3. 

1866.  Dromia  elegans.  Yon  Fischer- Benzon :  Alter  d.  Faxekalkes,  p.  26,  pl.  ir, 

fig.  2. 

1867.  „  „       Lundgren:  Faxekalken,  p.  11. 

1900.         „  „       K.  0.  Segerberg:    Qeol.  Fdren.  I  Stockholm  FSrbandl., 

Bd.  xxii,  H.  5,  pl.  i,  figs.  16, 18,  19. 

>  Renss :  Fossil.  Krabben,  p.  13,  pl.  ir,  fig.  3. 
•  Op.  dt,  p.  15,  pl.  iy,  figs.  1,  2. 
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This  species  is  very  variable  in  form,  bat  the  following  characters 
seem  to  be  fairly  constant : — 

The  circumference  is  more  or  less  elliptical ;  the  ratio  between  the 
length  and  the  breadth  is  generally  as  1  :  1*2;  the  arching  often 
less  than  in  the  preceding  species,  particularly  across  the  posterior 
part  The  size  varies  from  5  to  20  mm.  in  breadth.  The  lateral 
margins  are  provided  with  small,  often  indistinct  teeth,  7-8  in 
number.  The  lateral  farrow  is  shallow,  but  distinct,  being  defined 
behind  by  a  small  raised  border  which  is  generally  noticeable  even 
behind  the  cardiac  region.  The  posterior  part  of  the  mesogastric 
region  and  the  epigastric  lobes  is  well  marked  and  elevated ;  the 
last-mentioned  are  elliptical  and  situated  transversely.  The  limit 
anteriorly  being  often  indistinct  On  some  specimens  the  anterior 
angle  seems  to  run  out  into  a  fine  line,  which  ends  in  a  small 
tubercle. 

Of  this  species  two  types  can  be  distinguished.  One  of  these 
particularly  is  more  arched  posteriorly,  and  a  little  broader  than 
long,  with  the  largest  breadth  a  little  in  front  of  the  middle  of  the 
carapace.  The  posterior  margin  is  short,  strongly  curved,  and 
nearly  smooth.  The  second  type  is  broader,  with  its  greatest 
breadth  over  the  middle.  The  posterior  margin  is  long  and 
faintly  curved;  it  is  more  or  less  granulated,  the  granules  being 
small,  thinly  and  irregularly  scattered.  Both  types,  however, 
pass  by  many  intermediate  forms  into  each  other,  and  seem  to 
appear  just  as  freqaently,  and  thus  it  is  impossible  to  distinguish 
between  a  typical  specimen  and  its  variety. 

2>.  elegans  is  fairly  common  at  Faxe,  and  still  more  so  at 
Annetorp.  This  species  appears  also  in  Maestrichtien  snp6rienr  at 
Mont  de  Saint-Pierre  and  at  Ciply.^ 

Dbomiopsis  LJBvioB,  Stccnstr.  et  Forchh.,  sp. 

P.       DromiopM  lavior,  Steenstr.  et  Forcbh.  MS. 
1859.  „  „      Beufls :  Fossil.  Krabben,  p.  16,  pi.  iii,  figs.  4-6. 

1866.    Dromia  kmor,  Yon  Fischer-Benzon :  Alter  d.  Faxekalkes,  p.  27,  pi.  iv, 

fig.  1. 
1900.    Dromioptit  lavior,  Steenstrup :  K.  0.  Segerberg,  Geol.  Foren.  I  Stockholm 

Forbandl.,  Bd.  xxii,  H.  5,  pi.  i,  fig.  16. 

Larger,  more  strongly  and  evenly  arched  than  the  preceding 
species.  Circumference  rounded.  llie  size  varies  between  25  and 
42  mm.  The  rostrum  is  broad,  triangular,  with  its  borders  strongly 
raised.  The  orbits  are  deep.  The  external  angle  of  the  orbit  is 
interrupted  by  a  broad  incision  which  runs  outwards  into  a  wide 
sulcus.  The  external  tooth  of  the  inferior  orbital  border  is 
considerably  larger  than  the  inner  one.  The  antero-lateral  margin 
begins  a  little  below  the  inferior  orbital  border,  and  its  teeth  are 
generally  confluent,  forming  a  sharp  ridge  which  is  divided  by  the 
occipital  furrow;  both  serrations  are  pointed  anteriorly  and  blunt 
posteriorly.  The  posterior  margin  is  somewhat  carved  invrards. 
Both  the  occipital  farrow  and  the  lateral  farrow  are  shallow ;  the 
last-mentioned  is  broad,  defined  behind  by  a  sharp  crest,  which  is 

^  Pelseneer :  Decapod,  da  Maeskicht,  p.  172. 
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pointed  at  the  lateral  margin,  and  is  oontinned  on  to  the  inferior 
Burfaoe.  The  epigastric  lobes  are  placed  transversely  and  provided 
with  small  prominences.  Between  these  and  the  antero-lateral 
margin  there  are  some  elevated  tubercles,  arranged  in  a  row.  From 
an  area  in  the  middle  of  the  anterior  lateral  region,  which  is  full 
of  small  depressions  and  nearly  circular  in  shape,  another  row  of 
similar  tubercles  runs  in  a  curve  backwards  and  inwards.  The 
mesogastric  lobe  is  only  distinct  posteriorly  by  its  conspicuously 
raised  surface.  The  middle  area  of  the  antero-branchial  lobes  is  well 
marked  by  the  dotted  elevation  already  referred  to  in  the  description 
of  the  genus.  Otherwise  the  surface  of  the  carapace  in  the  cast  is 
quite  smooth,  and  this  is  also  the  case  when  the  shell  is  preserved. 

Of  this  species  one  specimen  appears  with  the  claw  belonging  to 
it,  although  this  is  incompletely  preserved.'  The  shell  of  this 
species  is  smooth,  except  a  few  granules  on  the  shortest  side ;  the 
oast  is  more  or  less  reticulated.  The  claw  referred  to  in  Segerberg's 
paper,  p.  17,  pi.  ii,  fig.  2  belongs  probably  to  this  species.  Only 
rarely  met  with  at  Annetorp  and  Faxe. 

Dbomiopsis?  dbpbkssa,  E.  0.  Segerberg,  1900. 

1900.    Dromiop$%$  ?  depresM^  K.  0.  Segerberg :  Geol.  Foien.  I  Stockholm  F5rhandL , 

fid.  xxii,  H.  5,  p.  18,  pi.  ii,  figs.  3,  4  P 

Of  this  species  only  one  specimen  was  obtained  from  Annetorp. 
The  rostrum  is  not  preserved.  The  specimen  is  decorticated.  The 
form  of  the  carapace  is  nearly  pentagonal;  breadth  26mm.  The 
distance  from  the  superior  orbital  border  to  the  posterior  margin  is 
24  mm.  In  front  of  the  lateral  furrow  the  carapace  is  strongly 
arched ;  behind  the  same  it  becomes  narrower,  with  the  lateral  parts 
depressed.  The  orbits  are  small,  narrow,  and  transverse.  The  two 
teeth  on  the  inferior  orbital  border  are  of  nearly  equal  size.  The 
antero-lateral  margins  commence  in  a  line  with  Uie  inferior  orbital 
border ;  in  front  of  the  occipital  furrow  the  margin  is  marked  by 
a  prominence  and  is  curved  ;  behind  the  same  it  is  prolonged 
forwards  into  a  tooth  or  point,  but  otherwise  (as  on  the  postero- 
lateral margins)  it  is  only  faintly  marked,  and  curved  inwards.  The 
posterior  margin  is  long  and  slightly  curved.  The  occipital  furrow 
is  very  indistinct,  particularly  in  its  inner  course.  The  lateral 
furrow  {SL)y  on  the  other  hand,  is  distinct,  but  very  shallow,  with- 
out any  well-defined  margin.  Behind  the  cardiac  region  there  is 
a  transverse  depression.  Otherwise  the  details  of  the  carapace  are 
fairly  similar  to  the  preceding  species. 

This  species  is  in  some  respects  very  similar  to  Dromia  lator, 
a  recent  form  from  the  West  Indies.^  But  as  only  one  specimen  of 
the  former  has  been  found  without  a  rostrum,  and  as  on  the  whole 
it  is  nearly  related  to  2>.  laviovt  I  have  (with  some  doubt)  referred 
it  to  the  genus  Dromiopsis. 

In  the  collections  from  Faze,  E.  0.  Segerberg  has  figured  a  very 
incomplete  specimen,  which  he  thinks  is  probably  a  younger  form 
of  this  species. 

^  K.  0.  Segerberg  :  op.  cit.,  pi.  ii,  figs.  1,  2. 
*  Loc  dt.,  fig.  6. 

DBCADB  IT. — VOL.  VIII. — KO.  XI.  32 
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Dbomiopsis  BiBLBYiB,  H.  Woodw.,  sp.  noY.     (PI.  Xn,  Figs,  la,  5.) 

Desobiption. — Carapace  broader  than  deep  (16  mm.  broad  and 
12  mm.  deep) ;  antero  -  lateral  border  slightly  concave  ;  frontal 
margin  prominent,  with  a  central  depression.  Lateral  margins 
rounded  ;  postero-lateral  margin  sloping  inwards ;  posterior  margin 
(8  mm.)  broad  and  nearly  straight ;  surface  sparsely  granulated,  but 
generally  smooth ;  with  the  exception  of  the  epigastric  prominences, 
and  the  posterior  margin  of  the  mesogastric  region,  the  lobes  of  the 
carapace  are  generally  very  obscurely  defined ;  the  cervical  furrow 
{8c.)  is  most  distinct  and  is  very  slightly  curved ;  the  lateral  furrow 
(81)  is  faintly  rugose,  but  less  distinct  than  the  cervical  furrow ; 
at  the  base  of  the  mesogastric  lobe  is  a  short  granulated  band  in 
front  of  the  cervical  furrow,  and  two  small  pointed  prominences 
(divided  by  the  median  furrow),  the  points  directed  backwards,  each 
being  marked  by  a  minute  tubercle ;  the  cardiac  region  is  depressed 
and  only  faintly  outlined,  its  surface  being  marked  by  three  small 
equidistant  tubercles,  two  in  front  and  one  behind  ;  four  small 
tubercles  mark  the  border  of  the  antero-branchial  lobe,  and  three 
the  antero-lateral  border.  The  two  rounded  prominences  near  the 
anterior  border  of  the  epigastric  lobes  are  very  distinct.  The 
rostrum,  which  is  rounded,  is  bent  downwards  between  the  orbits, 
and  is  deeply  indented  by  the  frontal  farrow.  The  orbits  are 
elongated  transversely,  and  are  open  internally  towards  the  rostrum. 

Remarks.  —  Two  apparently  full-sized  specimens  of  this  well- 
marked  species  (16  x  12  mm.)  are  in  Miss  Birley's  collection,  also 
one  young  specimen  measuring  9  mm.  in  breadth  by  6  mm.  in  depth  ; 
all  three  are  preserved  in  hard  compact  limestone,  which  contains 
also  traces  of  the  limbs.  The  species  is  distinguished  by  its  well- 
marked  form,  being  broader  in  proportion  to  its  depth  than  D.  rugosa^ 
although  specifically  they  are  no  doubt  nearly  related.  The  rostral 
and  frontal  border  is  less  prominent  in  2).  Birleya,  and  the  posterior 
margin  is  wider  and  straighter  than  in  D.  rugosa.  All  three 
examples  have  been  decorticated. 

I  dedicate  this  species  to  my  friend  Miss  Caroline  Birley,  who 
has  given  so  much  time  and  attention  to  the  study  of  geology  and 
palsdontology  both  at  home  and  abroad,  and  whose  private  collection 
bears  testimony  to  her  devotion  to  science. 

Formation  and  Locality. — Hard  Upper  Cretaceous  Limestone 
(Danian)  of  Faxe :  coll.  Miss  Birley. 
Dromiopsis  Coplandjb,  H.  Woodw.,  sp.  nov.    (PI.  XII,  Figs.  2a,  h.) 

Description.— Carapace  slightly  broader  than  deep  (9  X  7  mm.)  ; 
anterior  border  semicircular ;  frontal  region  broad,  depressed  ; 
orbits  large,  prominent,  visible  from  above,  and  placed  somewhat 
diagonally ;  enclosed  externally,  but  open  towards  rostrum ;  postero- 
lateral margins  contracting  rapidly  towards  the  posterior  margin, 
which  is  narrow,  only  3  mm.  wide,  and  emarginate.  Cervical  furrow 
distinct;  lateral  furrow  faint,  but  more  strongly  marked  on  the 
margin  of  carapace  ;  antero-lateral  margin  very  bluntly  dentated  or 
undulated ;  mesogastric  and  epigastric  lobes  slightly  prominent ; 
carapace  generally  smoothly  rounded  and  lobes  obscure. 
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Bemabks. — This  is  a  very  well-marked  glabrous  form  and  quite 
distinct  in  outline  from  any  of  the  other  speoies ;  the  sides  being 
narrower  and  contracting  posteriorly,  and  more  rounded  and 
depressed  in  front;  with  the  orbits  yisible  from  above,  which  is 
not  the  case  in  any  other  speoies  of  DromiopBts, 

Among  the  smaller  specimens  of  Dromiopm  I  have  detected 
a  minute,  very  round,  smooth  form ;  the  carapace  is  6  mm.  broad 
and  5  mm.  deep ;  it  agrees  generally  with  the  larger  example 
(Figs.  2a,  h).  The  cardiac  region  in  this  small  specimen  is  more 
clearly  defined,  and  has  three  equidistant  tubercles  on  its  surface ; 
the  orbits  are  large  and  prominent,  and  the  outline  of  the  back  is 
very  globular ;  this  latter  character  is  probably  due  to  its  being 
a  young  individual. 

I  dedicate  this  species  to  Miss  Copland,  who  participated  with 
Miss  Birley  in  her  geological  labours  and  collected  many  of  the 
specimens  with  her  own  hands  at  Faxe. 

FoBMATiON  AND  LooALiTT.  —  Uppermost  Cretaceous  (Bryozoa 
Chalk),  Faxe :  original  specimens  in  Miss  Birley 's  collection. 

HoMOLOPsis  TBANSiENS,  E.  0.  Scgerbcrg. 
1900.    H<molop9i$  tratmens,  K.  0.  Segerberg :  Geol.  Fdren.  I  Stockholm  Forhandl., 
Bd.  xxii,  H.  6,  pi.  ii,  figs.  6-8. 

E.  0.  Segerberg  obtained  several  specimens  of  this  species  both 
from  Annetorp  and  Faxe,  preserved  as  casts,  nearly  all,  curiously 
enough,  without  frontal  or  lateral  margins  being  preserved  (of. 
Carter,  Decapod.  Crust.,  p.  22). 

Anteriorly  depressed,  otherwise  nearly  even ;  the  length  about 
22  mm.  (on  the  larger,  figured  specimen).  Rostrum  narrow, 
triangular,  and  depressed,  provided  with  a  small  tubercle  on  each 
side.  Lateral  and  posterior  margins  long,  straight,  elevated  into 
a  ridge.  Occipital  furrow  deep  and  broad  at  the  sides,  narrower 
between  the  mesogastric  and  the  urogastric  lobes,  and  having  two 
pointed  elevations  in  the  centre.  lateral  furrow  narrow,  faintly 
defined  ;  nearly  straight  on  each  side  of  the  middle  line ;  directed 
outwards  and  forwards.  The  different  regions  are  aU  very 
conspicuous  and  limited  by  deep  sulci.  The  epigastric  lobes  are 
marked  by  two  distinct  tubercles.  One  sees  three  other  similar 
tubercles  on  the  protogastric  lobes.  The  mesogastric  lobe  is  well 
defined  on  all  sides.  The  urogastric  lobe  is  pointed  at  the  sides. 
The  cardiac  region  is  pentagonal  and  elevated.  The  antero- 
branchial  lobes  are  divided  on  iSie  inner  side  into  two  parts,  of  which 
the  superior  one  is  the  shorter.  The  postero-branchial  regions  are 
triangular  and  large ;  there  is  a  tubercle  on  the  inner  posterior  part 
The  superior  surface  is  more  or  less  thinly  and  irregularly  granulated. 
On  a  younger  specimen  (op.  cit.,  pi.  ii,  fig.  7)  similar  granules  can 
be  seen,  particularly  on  the  mesogastric  and  cardiac  lobes.  On  an 
older  one  (op.  cit.,  pi.  ii,  fig.  6)  one  sees  these  granules  both  on  the 
cardiac  and  postero-branchial  lobes  arranged  transversely  in  short 
rows ;  on  account  of  this  arrangement  the  casts  have  a  somewhat 
ridged  appearance.  Another  old  specimen,  on  the  contrary  (pi.  ii, 
^.  8),  has  the  posterior  part  nearly  smooth,  and  the  tubercles  on 
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the  protogastrio  lobes  are  but  little  oonspiouous.  (This  is  also  the 
case  with  a  single  specimen  preserved  in  Miss  Birley's  oolleotion.) 

This  species  is  in  many  respects  very  similar  to  H.  Edwardsii, 
Bell/  from  the  Gaolt  and  Oreensand  of  England,  a  very  peoaliar 
form,  to  a  knowledge  of  which  the  late  Mr.  James  Carter'  has 
made  some  very  valaable  contributions.  In  regard  to  the  granulation 
on  the  postero-branchial  lobes  the  species  from  the  Uppermost  Chalk 
(here  described  by  Segerberg)  is  very  similar  to  the  Tertiary  genos 
DromliteSf^  which  is  also  closely  related  to  Romolopsis,  and  seems 
thus  to  be  a  transitional  form  between  these  two  genera. 

A  single,  very  imperfect  carapace  is  preserved  in  Miss  Birley's 
collection  from  the  Danian  of  Faxe. 

CAKPILIOPSIS. 
Cabphjopsis  OBNATii,  Yon  Fisoher-Benzon,  sp.  (PI.  XII,  Figs.  5a,  6.) 
1867.     Carpiliopais  omata,  Yon  Fischer- Benzon,  sp. :  Alter  d.  Faxekalkes,  p.  28, 

pl.  ii,  figs.  1-3. 
1900.  „  „       K.  0.  S^erberg :  Geol.  Foren.  I  Stockholm  Fdrhandl., 

Bd.  xni,  H.  6,  p.  28,  pl.  ill,  figs.  16,  17,  18  ? 
Desobiption. — The  carapace  is  sub -elliptical,  equally  convex 
longitudinally  ;  the  lateral  margins  are  acute  ;  the  antero-lateral 
margins  are  short,  rounded,  and  curved  backwards.  The  postero- 
lateral margins  are  longer  and  are  curved  inwards.  The  orbits  are 
oval,  and  when  seen  from  above  marked  by  emarginations  on  either 
side  (Pl.  XII,  Fig.  5a)  of  a  broad,  bluntly  rouoded,  and  slightly 
notched  rostrum  (PL  XII,  Fig.  56).  The  posterior  margin  is  narrow 
and  emarginate.  The  upper  surface  of  carapace  is  punctate,  and 
ornamented  by  raised  lines  and  tubercles  peculiar  to  the  species ; 
the  general  surface  is  very  minutely  ornamented  with  microscopic 
granules. 

The  mesogastric  lobe  is  marked  by  two  minute  tubercles  and 
a  small,  short,  raised  line  behind,  probably  affording  the  only 
evidence  of  the  presence  of  the  cervical  furrow  ;  there  is  a  slight 
trace  of  a  median  ridge  and  furrow,  and  a  rather  larger  tubercle 
marks  the  centre  of  each  epigastric  lobe.  One  tubercle  on  either 
side  and  a  few  minute  granules  scattered  over  the  protogastric  and 
hepatic  regions  are  the  only  interruption  to  the  otherwise  smooth 
anterior  surface  of  the  carapace.  The  cardiac  region  bears  three 
minute  tubercles,  and  is  enclosed  on  either  side  by  a  lyre-shaped 
ridge  and  furrow,  which  bending  back  upon  itself  forms  the  short 
lateral  furrow. 

Bkmabks.  —  This  well-marked  form  is  represented  by  two 
examples  in  Miss  Birley's  collection,  the  larger  measuring  12  mm. 
in  breadth  by  7mm.  in  depth,  the  lesser  example  being  9  mm.  broad 
and  6  mm.  in  depth.  Both  are  from  the  uppermost  Cretaceous 
formation  of  Faxe,  Denmark. 

The  following  is  a  list  of  the  species  of  Crustacea  from  Faxe 
recorded  by  K.  0.  Segerberg  and  H.  Woodward  : — 

^  Bell,  Crust,  of  Gault  and  Oreensand :   Mon.  Pal.  Soc,  1862,  p.  23,  pl.  t, 
figs.  1,  2. 
s  Garter:  Decapod.  Cmst.,  1808,  p.  21. 
*  Bell :  GniBt.  of  London  Claj,  p.  27. 
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OALATHSIDiB. 

Oalathea  strigiferay  Steenstr.    Banian :  Annetorp  and  Faxe. 
«      ,f      munidoides,  E.  0.  S.     Banian :  Faxe. 
Ifunida  primava,  K.  0.  S.    Banian :  Faxe. 

Dbomiaoea. 

^Dromiopsit  rugoia^  SohKii,  sp.    Banian :  Faxe. 

„         minor y  Von  Fischer-Benzon,  sp.    Banian :  Annetorp  and  Faxe. 

„         elegant,  Steenstr.  et  Forchh.,  sp.    Banian :  Annetorp  and  Faxe. 

„         lavioTy  Steenstr.  et  Forchh.,  sp.    Banian  :  Annetorp  and  Faxe. 

„         depreua,  E.  0.  S.    Annetorp  and  Faxe. 
0        „         BirUya,  H.  "Woodw.,  sp.  nov.    Banian :  Faxe. 
^        ,,         Coplanda,  H.  Woodw.,  sp.  nov.    Banian :  Faxe. 

Flagiophthalmm  pentagonalisy  E.  0.  S.     Faxe. 
^Jlatnolopeis  traneiene,  E.  0.  S.    Annetorp  and  Faxe. 

Eaninoidba. 
RanineUa  BaUiea,  E.  0.  S.    Faxe. 

OXTSTOMATA. 
Keeroeareinm  tenoneneie,  Schliit.,  sp.    Annetorp  and  Faxe. 
,,  ineigni9f  E.  0.  S.    Annetorp. 

y,  bispinoauSf  E.  0.  S.    Saltholm's  Chalk :  Limhamn. 

Otolomstopa. 

Titanoeareinut,  sp.    Annetorp. 
*Carpiliop8ii  omata,  Yon  Fiscner-Benzon,  sp.    Annetorp  and  Faxe. 
Xanthilitet  eretaceue,  E.  O.  S.     Annetorp. 
Fanopeus  faxeneU,  Von  Fischer-Benzon,  sp.    Annetorp  and  Faxe. 

„        eubeiliptieue,  E.  0.  S.     Faxe. 

,,        incerlus,  E.  0.  S.    Annetorp  and  Faxe. 

NoTB. — Those  marked  by  a  ♦  are  represented  in  Miss  C.  Birley's  collection. 
EXPLANATION    OF    PLATE    XII. 

C&X7STACBA  FROM  THK  UPPBRMOST  OhALX   (*  BaNIAN ')   OP  FaXB,  BbNMABK. 

Fig.  l.^J>romiop»is  BirleytBy  H.  "Woodward,  sp.  nov.     x  2  times  nat.  size. 

a,  dorsal  aspect  of  carapace  or  cephaio-thorax. 

b,  frontal  aspect  of  carapace,  showing  orbits  and  rostmm. 

,,     2. — Dromiopiis  Ccplanda,  H.  Woodward,  sp.  nov.     x  3  times  nat.  size, 
a,  dorsal  aspect  of  carapace. 

if  frontal  aspect  of  carapace,  showing  orbits  and  depressed  rostrum. 
„     Z,—DromioptU  rugota,    Schlotheim,    sp.      Small,   roond,  much  granulated 
variety,     x  2  times  nat.  size, 
a,  dorsal  aspect  of  carapace. 

by  frontal  aspect  of  carapace,   showing  arched  form  of  carapace  and 
depressed  rostrum. 
„     4. — Bromiopsit  rugotOy  Schlotheim,  sp.    Typical,  most  abundant  form,     x  2 
times  nat.  size, 
a,  dorsal  aspect  of  carapace. 

by  frontal  aspect  of  carapace,  showing  rounded  form  of  back. 
Cf  side  view,  showing  inflated  form   of  frontal  region  and  strongly 
marked,  transverse  cervical  and  lateral  furrows. 
„     6. — Carpiliopsu  omaUy  Von  Fischer- Benzon,  sp.     x  3  times  nat.  size. 

a,  dorsal  aspect  of  carapace,  showing  the  peculiar  lyre-shaped  markings 

on  the  centre  enclosing  the  cardiac  renon. 

b,  frontal  aspect  of  carapace,  showing  tioe  broad  blunt  rostrum  which 

widely  separates  the  small  orbits. 
„     6. — Portion  of  a  chela,     x  3  times  nat.  size. 
„     7. — Portion  of  a  chela,     x  2  times  nat  size. 
„     S.—Galaihea  munidoideSy  E.  0.  Segerberg.     Boreal  aspect  of  cephaio-thorax. 

X  4  times  nat.  size. 
„     d.—Oalathea  munidoidesy  E.  0.  Segerberg.     Penultimate  joints  of  chela. 

X  4  times  nat.  size. 
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in. — On  thb  Bate  of  Inobease  of  UMDEBGBonKD  Tekpebatubs. 
By  Profeasor  W.  J.  Sollas,  LL.D.,  D.Sc.,  P.R.S. 

IN  the  22nd  Beport  of  the  Oommittee  appointed  to  inyestigate  the 
rate  of  inorease  of  underground  temperature,  read  this  year 
before  the  British  Assoeiation  in  Glasgow,  some  remarks  previously 
made  by  me  are  animadverted  upon ;  and  as  the  Secretary,  Professor 
Everett,  has  invited  me  to  disouss  the  matter  with  him,  I  take  the 
opportunity  of  entering  somewhat  more  fully  into  the  question  of 
oonduotivity  than  has  hitherto  seemed  necessary.  We  read  in  the 
Beport  <'....  in  view  of  the  fact  that  the  President  of 
Section  0  last  year  characterised  the  variation  in  the  British  Isles 
*  from  1°  in  34  feet  to  1°  in  92  feet '  as  *  a  surprising  divergence 
of  extremes  from  the  mean,'  it  is  well  to  emphasise  the  connection 
between  gradient  and  conductivity.  If  there  is  anything  like 
uniformity  in  the  annual  escape  of  heat  from  the  earth  at  different 
places,  there  must  necessarily  be  large  differences  in  geothermio 
gradients,  since  the  rate  of  escape  is  jointly  proportional  to  the 
gradient  and  the  conductivity." 

So  well  known  a  fact  as  the  statement  in  the  last  sentence  seems 
to  me  scarcely  to  require  emphasis,  since  it  must  assuredly  be 
present  in  the  mind  of  everyone  capable  of  discussing  the  question  : 
but  it  is  not  sufficient  to  make  general  statements  of  this  kind ;  it 
must  also  be  shown,  if  the  argument  is  to  be  of  any  real  value,  that 
the  known  divergences  of  extremes  from  the  mean  may  be  definitely 
connected  with  known  differences  in  conductivity.  Hitherto  this 
has  not  been  attempted,  and  in  the  Address  to  Section  C  last 
year  it  was  expressly  stated  that  ''many  oases  exist  which  cannot 
be  explained  in  such  a  manner,  but  are  suggestive  of  some 
deep-seated  cause,  such  as  the  distribution  of  molten  matter  below 
the  ground."  Before  proceeding  to  enter  into  calculations  which 
may  illustrate  this  statement,  it  may  be  worth  while  to  observe 
that  we  have  no  evidence  to  suggest,  much  less  to  prove,  that 
''there  is  anything  like  uniformity  in  the  annual  escape  of  heat 
from  the  earth  at  different  places";  the  indications  are  altogether 
to  the  contrary :  the  mere  existence  of  volcanos  obviously  invalidates 
the  statement  as  an  absolute  affirmative,  and  ancient  laccolites  show 
that  in  past  time  at  least  concealed  sources  of  heat  have  existed  not 
very  remote  from  the  surface. 

If,  then,  there  is  not  uniformity  in  the  annual  escape  of  heat  from 
the  earth  at  different  places  it  may  be  thought  unnecessary  to  labour 
the  question  in  greater  detail,  yet  in  view  of  the  importance  of  the 
subject  to  geological  inquiry  it  may  be  worth  while  to  consider 
some  special  cases.  If  we  turn  to  the  "  Summary  of  the  Besults 
in  the  first  15  Beports  by  Professor  Everett"  (1882)  we  shall  find 
a  table  of  mean  conductivities  from  several  kinds  of  rocks  given  in 
C.O.S.  measure,  from  determinations  made  by  Professor  Herschel, 
but  these,  following  the  direction  of  Professor  Everett,  must  be 
multiplied  by  a  correcting  factor  1*4  for  use  in  calculation.  For 
our  purpose  we  select  the  following  :— 
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Bock-salt 

•0113 

Clay       ... 
Shde      ... 

•0025 

Sandstone 

•0060 

•0019 

Flagstone 

•0046 

Coal       ... 

•0008 

Book-salt  heads  the  list,  and  oonsequently  in  borings  made  through 
this  mineral  the  thermometrio  gradient  should  be  lower  than  the 
average.  If,  now,  we  tarn  to  the  results  given  on  p.  88  of  the 
British  Association  Beport  for  1882  we  find  that  the  deep  Sperenberg 
boring,  which  passed  ohiefly  through  rook-salt,  shows  a  temperature 
increase  of  1°  for  51^  feet,  and  this  result  is  regarded  by  the 
Committee  as  so  remarkably  accurate  that  the  effect  of  quadrupling 
it  when  calculating  a  mean  rate  is  thought  worthy  of  consideration. 
On  p.  84  we  read,  <'  The  Sperenberg  bore,  near  Berlin,  in  rock  salt, 
with  a  depth  of  3,492  English  feet  ....  gave  an  average  of 
1°  in  51*5  feet.  This  result  is  entitled  to  special  weight,  not  only 
on  account  of  the  great  depth,  but  also  on  account  of  the  powerful 
means  employed  to  exclude  convection."  The  mean  result  for  all 
observations  given  in  the  same  Beport  is  l^  for  64  feet,  which  was 
corrected  in  a  later  Beport  to  1^  for  60  feet. 

Thus,  the  gradient  of  the  Sperenberg  bore,  so  far  from  being  below 
the  average,  such  as  the  conductivity  of  rock-salt  would  have  led 
a  believer  in  the  uniform  rate  of  loss  of  heat  to  expect,  actually  rises 
above  it.  The  average  rate  at  which  heat  escapes  through  the  earth 
is  given  in  the  Beport  (1882)  as  41^4  gramme  degrees  annually 
through  each  square  centimetre  of  a  horizontal  section  of  the  earth's 
substance.  There  is  an  error  in  this  number,  no  doubt  typographical ; 
it  should  read  51*4. 

Let  us  calculate  from  the  data  afforded  by  Sperenberg  the  average 
flow  of  heat  through  the  rock-salt  of  that  district.  The  gradient  of 
1°  in  61-5  feet  reduces  to  00003637  of  a  degree  Centigrade  per 
centimetre.  The  conductivity  of  rock-salt,  according  to  the  Beport, 
is  •0113x1-4= -01682  and  00003637  x -01582  =  56966  X  10 -^ 
which  is  the  flow  of  heat  in  gramme  degrees  per  second  across  one 
square  centimetre,  or  S^^6&  X  316  X  10~^  =  176'2  gramme  degrees 
per  year  per  square  centimetre.  In  other  words,  if  the  influence  of 
conductivity  be  fairly  considered,  it  leads  to  the  conclusion  that  the  rate 
of  escape  of  heat  at  Sperenberg  is  more  than  thrice  as  great  as  that  of 
the  mean  (61 -4).  The  data  at  our  disposal  in  the  case  of  coal-mines 
do  not  appear  to  be  sufficient  for  the  purposes  of  discussion ;  all  that 
can  be  said  is,  that  while  the  sinkings  were  made  in  similar  rocks 
the  temperature  gradients  obtained  differ  widely  among  themselves. 
Without  detailed  information  of  the  thickness  and  nature  of  the 
various  beds  passed  through  in  the  several  cases  from  which  the 
average  is  reduced,  calculation  is  impossible. 

A  matter  of  extreme  importance  has,  however,  to  be  mentioned 
in  this  connection.  In  the  Beport  for  this  year  we  read  (p.  6, 
separate  copy) :  "  In  some  condensed  reports  of  Bergrath  Eobrich's 
communication  (but  not  in  the  full  paper  as  given  in  *  Gliickauf '), 
the  irregularities  are  attributed  to  chemical  action  in  the  coal  seams, 
causing  in  some  cases  a  heating  and  in  others  a  cooling ;  but  in  the 
absence  of  more  direct  evidence  this  explanation    seems    rather 
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forced."  Putting  aside  the  possibility  of  cooling,  the  efifeot  of 
chemical  action  in  evolving  heat  from  coal-seams  is  well  known, 
and  an  important  paper  on  the  subject  was  read  in  1899  by 
Dr.  Haldane  and  Mr.  Meachem  before  the  Society  of  Mining 
Engineers.  It  was  clearly  shown  by  these  investigators  that  the 
heat  resulting  from  the  oxidation  of  marcasite  in  coal-seams  is  three 
times  as  much  as  is  required  to  account  for  the  total  rise  in 
temperature  which  the  air  of  the  ventilating  current  undergoes  in 
passing  through  the  mines.  Dr.  Haldane,  who  has  given  great 
attention  to  this  subject,  informs  me  that  he  considers  the  effect  of 
this  chemical  action  has  been  too  little  considered,  and  that  he  has  no 
doubt  it  has  led  to  an  exaggerated  estimate  of  the  mean  thermometrio 
gradient  in  coal  borings.  While  recognizing  the  great  value  of  the 
Reports  issued  by  the  Committee  of  which  Professor  Everett  is 
Secretary,  to  whom  all  geologists  must  feel  grateful  for  the 
investigation  of  a  question  which  is  of  the  first  importance  to 
their  inquiries,  I  still  consider  that,  owing  to  various  disturbing 
factors,  the  average  rate  of  temperature  increase  with  descent  into 
the  crust  may  have  been  overestimated,  and  that  divergence  from 
the  mean  may  in  some  cases  be  connected  with  an  irregular 
distribution  of  molten  matter  below  the  ground. 

IV. — CiROULATIOlf   OF  Sa.LT   AND   GSOLOGIOAL  TiMB. 
By  ProfeMor  J.  Jolt,  M.A.,  D.Sc,  F.R.S. 

IN  the  Gbolooioal  Magazine  for  August  I  gave  the  major  limit 
to  the  period  of  time  we  can  assign  to  the  geological  age  of 
the  Earth  by  the  solvent-denudation  method,  when  it  is  assumed 
that  all  the  chlorine  of  rivers  is  derived  directly  from  the  ocean, 
and  that  all  such  chlorine  (falling,  as  assumed,  in  rain)  carries  its 
full  complement  of  sodium  from  the  ocean.  The  major  limit  with 
these  assumptions  is  141  million  years.  A  second  estimate  is  given 
on  the  more  moderate  assumption  that  one-third  the  amount  of 
chlorine  in  rivers  is  derived  from  the  sea  and  brings  with  it  its 
full  equivalent  of  sodium ;  this  affords  105  millions  of  years  as  the 
age.  Finally,  there  is  the  original  estimate  based  on  a  10  per  cent, 
deduction  from  the  chlorine  of  rivers  as  rain-borne,  affording  96 
millions  of  years. 

Among  such  numbers  we  may  take  our  choice.  Outside  the 
upper  limit  we  cannot  go  if  we  rely  on  the  mean  river  analyses 
of  Sir  John  Murray,  and  of  course  accept  the  principle  of  uniformity 
involved.  It  is  a  perfectly  simple  matter,  which  may  be  stated  as 
follows : — There  is  a  large  excess  of  sodium  over  chlorine  appearing 
in  the  mean  analysis  of  19  chief  rivers  of  the  world.  The  numbers 
are  157  x  10*  tons  of  sodium  and  84  X  10*  tons  of  chlorine  carried 
to  the  ocean  per  annum ;  or,  dividing  by  the  atomic  weights,  the 
relative  numbers  of  ions  are  as  68  sodium  to  24  chlorine.  The 
consequence  is  that  even  if  the  whole  of  the  chlorine  be  supposed 
derived  from  the  sea  and  none  at  all  from  denudation,  and  to  reach 
the  rivers  fully  satisfied  with  marine  sodium,  there  remains  over  such 
an  excess  of  sodium  that  the  age  cannot  exceed  141  X  10*  years. 
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Now  this  was  fully  pointed  oat  in  my  previons  paper ;  it  sboald 
be  perfectly  well  known  to  Mr.  Aokroyd;  bat  we  find  still  that 
Mr.  Aokroyd  maintains  that  ''  the  ohemist's  oonyention  of  taking 
chlorine  as  a  measure  of  sodium  in  rain-  and  riveiv water  is  serrioe- 
able,  and  oannot  involve  more  final  error  in  oonneotion  with  this 
problem  than  that  indicated  by  the  ratio  of  these  elements  in  sea- 
water." 

As  regards  the  first  part  of  this  statement,  we  have  seen  that  "  the 
•chemist's  convention"  would  give  hopelessly  erroneous  results  if 
applied  to  river  analysis.  As  to  the  ratio  of  the  chlorine  and 
sodiam  in  sea-water,  this  has  nothing  to  do  with  the  matter  beyond 
indicating  that  as  there  is  a  large  excess  of  chlorine  over  sodium  in 
the  sea  we  may  expect  a  similar  excess  to  obtain  in  rain-water. 
We  may  also  observe  that  if  ''the  chemist's  convention"  were 
applied  to  sea-water  an  entirely  erroneous  result  would  be  obtained 
on  the  other  side ;  the  sodium  would  be  greatly  overestimated. 

On  the  strength  of  this  convention,  however,  Mr.  Aokroyd  again 
quotes  his  analyses  of  the  Aire  (a  small  coastal  stream),  and,  preferring 
it  to  the  mean  analysis  of  the  large  rivers,  again  arrives  at  some 
thousands  of  millions  of  years.  That,  following  similar  reasoning, 
a  stream  oonld  be  found  giving  an  infinite  age  to  the  earth,  goes 
without  saying.  Why  will  Mr.  Aokroyd  not  have  the  19  rivers? 
The  only  objection  I  have  heard  urged  against  them  (and  it  is  one 
of  considerable  weight)  is  that  they  are  not  numerous  enough. 
This  is  Professor  Sollas'  criticism. 

Coming  now  to  the  question  of  the  origin  of  the  salts  of  inland 
seas,  a  question  which  Mr.  Aokroyd  has  raised  in  connection  with 
the  allowance  proper  for  rain-borne  sodium,  I  see  in  his  last  paper 
an  this  Magazine  that  Mr.  Aokroyd  would  explain  the  wide  differences 
in  chemical  composition  of  these  waters  by  the  effects  arising  from 
oonoentration.  The  enormous  amounts  of  precipitated  salts  required 
by  this  hypothesis  must,  however,  here  be  considered.  Let  it  be 
assumed,  as  he  desires,  that  sea-water  reaching  closed  lakes  in  rain- 
water has  concentrated  until  the  balance  between  20  per  cent,  of  Mg  Gl, 
and  5  per  cent,  of  Na  CI  is  attained.  In  sea- water  there  is  but  0*38 
per  cent,  of  MgCl).  There  is,  on  the  other  hand,  2*73  per  cent,  of 
NaCl.  To  reach  the  required  percentage  of  MgCl,  a  concentration 
of  53  times  the  original  is  necessary.  This  involves  a  concentration 
of  the  Na  CI  amounting  to  145  per  cent.  Deducting  the  5  per  cent, 
that  remains  in  solution,  but  remembering  that  NaCl  will  by  no 
means  be  the  only  salt  precipitated,  also  allowing  the  small  imported 
amount  of  Mg  SO4  as  a  set-off  against  doloraitizing  actions,  we 
finally  arrive  at  the  conclnsion  that  the  precipitated  salts  amount 
to  well  over  1}  times  the  entire  mass  of  the  existing  inland  sea. 
This  is  the  least  quantity  we  must  look  for  in  such  a  case,  for  it 
is  the  amount  thrown  down  if  the  concentration  had  only  just 
attained  the  existing  state. 

I  do  not  contend  that  the  existence  of  such  masses  is  out  of  com- 
parison with  known  salt  deposits ;  but  their  absence  in  the  particular 
localities  would  constitute  a  fatal  objection  to  supposing  such  extreme 
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ooDoentration.  When  it  is  remembered  that  the  Dead  Sea  siaks  to 
depths  of  400  metres  we  may  realize  that  yezy  great  deposits  most 
be  supposed  existing  immediately  around  and  beneath  its  waters 
if  Mr.  Ackroyd's  yiews  are  to  be  entertained.  The  fact  quoted  by 
Mr.  Ackroyd  that  "  common  salt  in  the  southern  parts  of  the  lake 
forms  quite  a  paste  "  will  evidently  not  suffice. 

It  is  needless  to^quote  here  the  views  of  geologists  on  this  question. 
The  observations  of  Lartet  (Bull.  S.G.F.,  [2]  xxiii,  p.  719)  quoted 
by  De  Lapparent  show  that  "  tons  les  sels  contenus  dans  I'eau  do 
la  mer  Morte  et  celle  du  Jourdain  sent  ^galement  (d  Texception 
peut-^tre  du  brome)  renfermes  dans  les  eaux  des  sources  chaudes  da 
meme  bassin,  notamment  celles  de  Zara,  de  Callirhoe,  et  d'Emmaiis  " 
(vol.  i,  p.  488).  The  absence  of  iodine,  so  characteristic  of  sea- 
water,  the  presence  of  bituminous  and  sulphurous  odours,  the  very 
local  variations  in  composition,  further  lead  M.  de  Lapparent  to 
the  view  that  the  intervention  of  sea-water  cannot  be  looked  for  in 
accounting  for  its  composition ;  but  that  it  represents  a  fresh-water 
lake  modified  by  volcanic  agencies  of  comparatively  recent  date. 

Having  no  leisure  to  discuss  the  matter  further,  I  would  close  my 
remarks  by  stating  once  more  that  the  carriage  of  sea-salts  into 
many  inland  lakes  is  very  certainly  a  fact  The  difference  between 
Mr.  Ackroyd's  and  my  own  views  on  the  matter  is  one  of  d^ree 
only.  If  my  own  original  estimate,  that  10  per  cent  of  river 
chlorine  is  from  the  ocean,  were  correct,  this  would  involve  con- 
siderable importations  of  sea-salts  in  process  of  time  into  inland 
waters. 


y. — The  Sequence  of  the  Tebtiart  Igneous  Rooks  of  Skyb. 

By  Alfred  Harksr,  M.A.,  F.G.S. 

(Published  by  permission  of  the  Director  of  the  Greological  Surrey.) 

THIS  communication  is  the  outcome  of  work  carried  out  during 
the  years  1895-1901  in  the  service  of  the  Geological  Survey 
of  Scotland.  Although  this  systematic  work  has  been  confined  to 
the  Isle  of  Skye,  information  incidentally  acquired,  and  the  published 
literature  of  the  British  Tertiary  rocks,  indicate  for  the  conclusions 
arrived  at  a  much  wider  application.  In  this  place  the  results  must 
be  set  down  without  the  detailed  observations  upon  which  they 
are  based. 

Here,  as  in  numerous  other  areas  and  at  various  geological  periods, 
igneous  activity  has  manifested  itself  successively  under  three 
different  phases,  the  Volcanic,  the  P/ti/ontc,  and  the  Phase  of  Minor 
Intrusions  (often  called  the  Dyke  Phase).  There  is  further  an 
important  distinction  to  be  observed,  neglecting  which  the  whole 
sequence  is  thrown  into  confusion.  The  various  events  recorded  in 
the  succession  fall  into  two  distinct  categories  of  very  different  orders, 
which  may  be  termed  the  Begional  Series  and  the  Local  Series. 
Those  of  the  former  class  affected  a  very  wide  area — perhaps  in 
some  cases  the  whole  Brito-Ioelandic  Province,  extending  from  the 
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British  Isles  to  beyond  the  Arctic  Circle.  The  episodes  of  the 
Local  Series,  on  the  other  hand,  were  closely  related  to  certain 
special  foci  of  activity,  declared  at  a  very  early  epoch,  one  of 
which  was  situated  beneath  what  is  now  the  mountain  district  of 
Central  Skye.  While  events  of  the  two  classes  often  alternated  in 
onr  area,  and  are  integral  parts  of  one  complete  record,  they  may 
be  regarded  as  in  some  degree  independent  and  as  bound  up  with 
two  distinct  orders  of  crust-movements,  viz.  the  continent-building 
and  the  mountain-building  respectively.  Of  the  two  parallel  series 
of  eruptions,  the  Begional  retained  throughout  a  basic  character, 
while  the  Local  developed  wide  petrographical  differences  among 
the  several  groups.  It  follows  that  the  successive  episodes  of  the 
Begional  Series  are  much  more  difficult  to  separate  and  arrange  in 
order  than  those  of  the  Local  Series,  and  the  following  condensed 
scheme  is  confessedly  imperfect,  especially  as  regards  the  basic  lavas 
and  the  basic  dykes. 

(0)  Pbe-Voloanio  Phass  :  Local  Series. — Here  may  be  noticed 
certain  plutonic  intrusions  nowhere  exposed  at  the  surface  and 
known  only  from  fragments  in  the  volcanic  agglomerates.  They 
are  confined  to  the  central  mountain  district,  and  include,  in  order, 
(a)  gabbro  and  (b)  granite. 

(1)  VoLOANio  Phasb. — Begional  activity  almost  continuous;  local 
chiefly  confined  to  two  well-marked  episodes. 

Begional  Series. — Fissure-eruptions  of  basic  (with  some  sub-basic) 
lavas  throughout  the  region.  Besides  the  prevalent  olivine-basalts, 
there  are  some  hypersthene-basalts,  augite-andesites,  etc.,  but  no 
ordered  sequence  has  been  made  out 

Local  Series. — Central,  not  fissure-eruptions. 

(a)  Paroxysmal  outbursts  at  certain  centres,  marked  by  great 
accumulations  of  volcanic  agglomerate ;  the  large  vents  confined  to 
the  mountain  district.  The  chief  masses  of  agglomerate  underlie 
all  the  lavas,  and  thus  represent  the  earliest  overt  manifestation  of 
igneous  activity. 

(b)  Eruptions,  only  in  part  paroxysmal,  of  intermediate  and  acid 
rocks  in  one  limited  area  on  the  northern  border  of  the  Cuillins. 
Generalized  sequence  :  (i)  trachytes,  (ii)  rhyolitic  tuffs  and  breccias, 
(iii)  rhyolites.  This  group  is  intercalated  as  a  local  episode  in  the 
midst  of  the  basic  lavas. 

(2)  Plutonic  Phasi.— Begional  activity  in  abeyance;  local  at 
maximum  of  intensity  and  at  the  same  time  narrowly  localized. 

Local  Series.  —  Plutonic  intrusions  in  the  forms  of  complex 
laccolitic  masses  and  bosses.  Three  groups,  in  order  of  increasing 
acidity,  with  little  or  no  intervals. 

J  a)  Peridotites  of  the  south-west  Cuillins ;  viz.,  olivine-anorthite 
^8,  picrites,  and  typical  peridotites,  including  dunite. 
(h)  Qabbros  of  the  Cuillins,  eta 

(e)  Granites  and  granophyres  (plutonic)  of  the  Bed  Hills. 
(2  to  8)  Tbamsitional  Phass,  Local  Series  only. — The  phase  of 
Minor  Intrusions  shows,  as  compared  with  the  Plutonic,  a  reversal 
of  order  among  the  groups  of  local  intrusions.    There  seems  to  have 
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been  a  certain  criUedl  epoch,  at  which  in  some  places  basic  and  acid 
rocks  were  intruded  almost  simultaneously,  the  basic,  however,  being 
slightly  the  earlier.  Remarkable  reactions  resulted  between  the  two 
rocks  so  intimately  associated.     Here  belong : — 

Composite  sills  and  dykes,  composed  of  basic  and  acid  rocks, 
usually  with  triple  symmetry ;  occurring  along  a  belt  outside  the 
border  of  the  Bed  Hills. 

(3)  Phase  of  Minor  Intbusioms  in  the  form  of  sills,  sheets,  and 
dykes.  Besumption  of  regional  activity  in  a  new  form  (intrusive 
instead  of  extrusive);  local  activity  at  certain  epochs.  Waninf^ 
intensity  indicated  during  this  phase  by  generally  diminishing  volume 
of  intrusions,  both  individually  and  as  groups,  and,  at  least  in  the 
Local  Series,  by  intervals  of  quiescence. 

Begiorud  Series, — Eocks  still  exclusively  basic  and  (exceptionally) 
sub-basic,  so  that  no  law  of  chemical  variation  in  time  can  be  laid  down. 

(a)  Great  group  of  basic  sills.  These  are  by  far  the  most  important 
intrusive  rocks  in  the  whole  suite,  making  up  more  than  half  of  the 
total  thickness  of  the  basaltic  group  over  most  of  the  area,  besides 
appearing  in  considerable  force  in  the  underlying  Jurassic.  Their 
intrusion  constituted  the  first  episode  of  the  Phase  of  Minor  Intrusions. 
They  are  here  included  in  the  Regional  Series  as  having  clearly  no 
relation  to  the  special  focus  of  Central  Skye.  They  are  most 
developed  in  the  north  and  west  of  the  island,  and  die  out  towards 
the  mountains. 

(6)  Basic  dykes,  mostly  with  directions  near  N.W.-S.E.,  intruded 
in  vast  numbers  throughout  the  regioh  at  various  epochs,  the  division 
into  successive  groups  being  possible  only  in  a  very  partial  degree. 
These  basic  dykes  are  to  be  regarded  as  self-constituted  intrusions ; 
others  of  earlier  dates  being  merely  the  feeders  of  lava-flows  and  sills. 

Local  Series, — Three  chief  groups,  having  restricted  areas  of 
distribution,  each  standing  in  relation  with  the  corresponding 
plutonic  centre.     Order  of  increasing  basicity. 

(a)  Minor  acid  intrusions  (dykes,  irregular  sills,  etc.).  Area  of 
distribution  a  roughly  elliptic  tract,  centring  in  the  granite  of  the 
Bed  Hills  but  extending  beyond,  with  long  axis  in  the  general 
direction  of  the  dykes  (N.N.W.-S.S.B.). 

(b)  Minor  basic  intrusions.  Area  of  distribution  nearly  coincident 
with  the  gabbro  of  the  Cuillins.  The  most  remarkable  set  of 
intrusions  takes  the  form  of  numerous  parallel  sheets  inclined 
inwards,  towards  the  centre  Of  the  area.  In  addition  there  is 
a  radiate  set  of  dykes,  partly  feeders  of  tlie  sheets,  partly  older; 
also,  much  less  perfectly  developed,  a  tangential  set  of  dykes. 

(c)  Minor  ultrabasio  intrusions,  in  the  form  of  a  radiate  set 
of  dykes;  distributed  with  reference  to  the  Cuillins,  or  rather  to 
the  south-western  half  of  the  Cuillin  area,  where  the  plutonic 
peridotites  occur. 

Subsidiary  Groups, — There  remain  certain  groups  of  dykes,  of  small 
importance  as  regards  number  and  magnitude,  concerning  which  more 
data  are  needed.  They  belong  in  all  cases  to  very  late  episodes,  but 
their  precise  places  in  the  sequence  have  not  been  satisfactorily  fixed. 
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(a)  Traohyte  and  trachy-andesite  dykes.  Most  of  these,  occurring 
about  Broadford  and  in  the  Sleat  district,  seem  to  belong  to  a  group 
which  has  its  chief  area  of  distribution  farther  south-east,  on  the 
Scottish  mainland,  and  these  rocks  therefore  cannot  be  attached  to 
the  local  series  of  the  Skye  focus. 

(6)  Augite-andesite  dykes,  usually  with  glassy  base,  and  others 
of  acid  pitchstone.  Dykes  and  sills  of  these  two  rocks  are  more 
numerous  in  the  Isle  of  Arran,  where,  as  Professor  Judd  has 
shown,  the  two  types  are  closely  associated,  sometimes  in  composite 
intrusions.  In  Skye  the  known  occurrences  of  acid  pitchstone  all 
lie  on  a  narrow  belt  passing  through  the  granitic  tract  and  having 
a  direction  corresponding  with  that  of  the  dykes  themselves,  lliey 
thus  seem  to  connect  themselves  with  the  Local  Series  as  a  final  and 
feeble  recrudescence  of  activity  about  the  acid  Bed  Hills  centre. 

The  reversion  in  the  closing  stages  to  intermediate  and  finally  to 
acid  types  seems  to  suggest  a  new  reversal  of  the  order  of  eruptions, 
and  the  composite  intrusions  (augite-andesite  and  acid  pitchstone)  of 
Arran  may  perhaps  be  taken  as  pointing  to  a  second  critical  epoch 
during  transitional  conditions.  These  sporadic  manifestations  of  an 
igneous  activity  nearing  its  point  of  extinction  do  not,  however, 
afford  any  very  firm  ground  for  such  deductions. 


VI. — GsoLOGiOAL  Notes  on  thk  Neighboubhood  of  Ladysmith, 

Natal.    No.  1 :  On  some  Igneous  Books. 

By  Dr.  H.  Exton,  F.G.S. 

(Commimicated  by  Professor  T.  Rupert  Jones,  F.R.S.,  F.G.S.) 

WBITINQ  from  the  Station  Hospital  at  Ladysmith,  Dr.  Henry 
Exton,  F.G.S.,  has  communicated  his  observations  on  the 
geology  of  the  country  near  Ladysmith,  in  the  northern  part  of 
Natal,  in  letters  to  Professor  T.  Bupert  Jones.  A  very  noticeable 
geological  feature  is  the  prevalence  of  an  igneous  rock  (intrusive 
andesitic  diabase)  on  all  the  hills  from  Umbulwana,  four  miles  east 
by  south  from  Ladysmith,  to  the  famed  Spion  Kop,  sixteen  miles 
west  from  here. 

This  rock  covers  all  the  hills,  in  rounded,  smooth,  and  almost 
polished  boulder-like  blocks,  of  a  rusty  brown  hue  on  the  surface, 
with  a  clean  blue  crystalline  fracture,  and  giving  out  a  ringing 
sound  when  struck.  It  is  called  by  the  Dutch  yzad-hlip  (iron- 
stone). The  hill-sides  around  about  here  can  be  ascended  on  foot 
only  where  a  military  road  has  been  cleared  to  the  summit.  The 
slopes  of  the  hills  are  so  profusely  strewn  with  the  rounded  iron- 
stone blocks  that  riding  along  them  is  impossible,  and  even  walking 
is  a  tedious  task.  The  surface  of  the  boulders  is  generally  so  rounded 
and  smooth  that  one  has  to  tread  between  them,  not  upon  them, 
as  the  foot  is  apt  to  slide  off.  Of  course,  on  the  summits,  where 
these  rocks  are  in  mass,  the  rounding  of  the  edges  is  not  so  apparent, 
but  they  are  alike  weathered  to  a  rich  brown  colour,  very  different 
from  the  blue  crystalline  surface  of  a  recent  fracture. 
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In  Pearson's  "  Story  of  Ladysmith/'  p.  108,  it  is  stated  that  in 
asoending  Oun  Hill,  to  capture  the  Boer  gans,  the  soldiers  found 
that  the  boulders,  rounded  and  worn  by  the  storms  of  ages,  were 
slippery  to  tread  on,  and  oooasionally  the  foot  would  become  wedged 
between  them. 

The  photograph  marked,  No.  3,  gives  a  general  view  of  a  ridge, 
on  the  upper  level,  near  the  hospitaJ,  from  which  loose  blocks  have 
fallen  to  the  slopes  below.  The  upper  portion  of  the  ridge  consists 
of  a  fine-grained  sandstone  (  ?  Upper  Karoo  beds). 

On  the  hill-tops  of  the  district  the  igneous  masses  show  some  flat 
surfaces,  and  a  further  effect  of  weathering  is  seen  in  numerous 
shallow  depressions  more  or  less  circular,  wiSi  a  diameter  of  an  inch 
and  a  half  to  two  inches. 

About  half  a  mile  in  a  north-westerly  direction  from  this  hospital 
some  military  trenches  have  been  cut  across  the  summit  of  a  low 
hilL  The  stones  there  exposed  are  similar  to  the  surface-rock  of 
the  country  (dolerite  or  diabase)  elsewhere ;  but  they  vary  in  size 
from  a  mere  flake  to  a  ton  in  weight,  and  are  cemented  together 
by  a  yellow  ferruginous  sandy  matrix,  and  each  separate  stone  is 
encrusted  by  a  coating  of  the  same  firmly  adherent  The  pieces 
have  mostly  fairly  angular  edges  without  any  rounded  or  water- worn 
aspect. 

It  is  very  probable  that  this  red  matrix  in  which  the  diabase  is 
imbedded  is  the  result  of  decomposition.  If  so,  these  stones  of  hard 
crystalline  rook,  thinning  out  to  thin  sheets  (such  as  the  specimens 
sent),  appear  to  have  been  either  intrusive  or  overflowing  lavas. 

Mr.  Fred.  Chapman,  A.L.S.,  who  has  kindly  examined  the 
specimens  sent  home,  states  that  the  so-called  diabase  is  an  altered 
augite-andesite  (porphyrite).  The  specks  of  magnetite  scattered 
throughout  have  decomposed  and  given  rise  to  the  vivid  orange-red 
or  brick-red  exterior.  The  weathering  action  has,  no  doubt,  been 
accentuated  by  extremes  of  temperature. 

VII.— On   thb  Origin   op  the  Qbavbl-Flats  of   Subbst    and 

Bbbkshibe.^ 

By  H0Ri.CB  WOOLLASTON  MONOXTON,  F.L.S.,  V.P.G.S. 

IN  the  south-east  of  England  considerable  tracts  are  covered  by 
sheets  or  patches  of  gravel.  It  is  mainly  composed  of  flints 
from  the  Chalk,  has  a  thickness  of,  say,  from  6  to  20  feet,  ia 
generally  stratified,  and  rests  upon  an  uneven  surface  of  the  older 
strata.    The  top  is  nearly  always  flat  and  inclined  at  a  low  angle. 

These  sheets  of  gravel  lie  at  various  levels :  thus,  at  Gsssar's  Camp. 
Aldershot,  there  is  a  large  gravel-covered  flat  the  highest  part  of 
which  is  600  feet  above  the  sea.  A  little  to  the  north-east  there 
is  another  flat,  named  the  Fox  Hills,  at  a  level  of  360-890  feet,  and 
a  few  miles  to  the  north  there  are  Hartford  Bridge  Flats,  which  lie 
380  feet  above  the  sea.  (These  are  in  Sheets  284  and  285  of  the 
new  series  one-inch  ordnance  map.) 

^  Betd  before  the  British  Association,  Section  G  (Geology),  Glasgow,  Sept.,  1901. 
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On  the  side  of  the  Fox  Hills  (Sheet  285)  there  is  a  sheet  of  gravel 
south  of  Mitchet  House,  with  a  level  of  about  250  feet;  and  at 
Eversley,  Shinfield,  and  Hurst,  in  Sheet  268,  there  are  flat  expanses 
of  gravel  almost  flush  with  the  alluvium  of  the  rivers  Black  water 
and  Loddon,  and  at  levels  of  180  to  120  feet. 

There  are  many  other  sheets  of  gravel  in  this  neighbourhood,  but 
I  have  mentioned  sufficient  to  show  that  there  are  here  a  series 
at  very  various  levels,  from  the  high  ground  of  Csdsar's  Gamp, 
Aldershot,  down  to  the  level  of  the  alluvium  of  the  rivers  whioh 
drain  the  area. 

If  we  continue  our  course  down  the  Thames  we  find  similar 
gravel-flats  practically  down  to  the  present  level  of  the  sea. 

I  have  said  that  these  gravels  consist  mainly  of  chalk -flints,  but 
they  also  contain  other  stones,  and  a  careful  examination  of  these 
convinced  me  that  the  gravels  are  of  fluviatile  origin,  the  nature 
of  their  composition  depending  upon  the  geological  structure  of  the 
drainage  area  of  different  rivers.* 

If,  then,  these  sheets  of  gravel  are,  as  I  believe,  river  gravels,  they 
must  all  have  been  originally  deposited  at  the  bottom  of  a  valley, 
and  where,  as  in  several  of  the  cases  above  mentioned,  they  are  now 
on  plateaux  or  terraces,  this  position  must  be  due  to  denudation, 
which  has  destroyed  the  sides  of  the  valleys  since  their  deposition. 
It  is  pretty  clear  that  this  is  the  case,  for  every  stage  may  be  found 
between  the  gravel  terrace  in  a  valley  and  the  gravel-capped  plateau 
with  valleys  all  round  it 

There  is  a  good  example  at  Maidenhead,  where  there  are  three 
well-marked  terraces  of  gravel,  as  shown  in  a  sketch-map  by 
Mr.  Whitaker.'  They  are  lying  on  the  side  of  the  Thames  Valley, 
but  if  we  follow  the  highest  terrace  southwards  we  find  that 
between  Bray  Wick  and  Maidenhead  the  progress  of  denudation 
has  been  sufficient  to  make  the  terrace  into  a  plateau  with  valleys 
all  round  it. 

Now  it  has  for  some  time  seemed  to  me  that  these  gravel-flats 
may  have  something  in  common  with  the  terraces  which  we  see 
in  so  many  places  on  the  coast  and  in  the  fjords  of  Norway.  In  the 
first  place  there  are  several  points  of  resemblance — 

1.  They  are  formed  of  gravel  and  sand. 

2.  They  have  a  flat  and  somewhat  sloping  top. 

3.  Several  flats  occur  one  above  the  other. 

4.  Between  the  flats  there  is  a  steep  slope. 

5.  They  appear  to  be  mainly  the  work  of  rivers. 

Now  the  explanation  of  the  Norwegian  terraces  which,  I  believe, 
finds  favour  in  Norway  is  as  follows  : — 

The  rivers  carry  with  them  sand,  clay,  and  small  stones,  much  of 
which  is  deposited  in  the  valleys.  The  remainder  sinks  to  the 
bottom  before  the  mouths  of  the  rivers  in  the  sea  or  fjords,  and 
is  spread  out  as  a  slightly  inclined  plain  where  circumstances  are 

1  Quart.  Journ.  Geol.  Soc.,  1892,  toL  xlviii,  p.  29  ;  1898,  vol.  Ut,  p.  184. 
*  **  Gwlogy  of  London  "  :  Mem.  Gteol.  Surv.,  1889,  toI.  i,  p.  391. 
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fsTourable.  There  is  often,  therefore,  at  the  head  of  the  fjord» 
a  shallow  whioh  is  oalled  dr.  It  ends  abruptly  a  little  distance  oat 
with  a  steep  slope,  where  the  water  all  at  once  beoomes  some 
fathoms  deep. 

Suppose,  now,  that  the  land  is  raised  up ;  we  shall  have  a  long, 
slightly  sloping  plain  of  sand  and  clay,  with  an  abrupt  steep  slope 
where  the  deep  water  was.  The  liver  will  at  first  throw  itself  over 
the  steep  slope  as  a  waterfall,  but  by  d^rees  it  will  cut  down  into 
the  plain  and  begin  to  form  a  new  shallow  out  of  the  materials. 
The  terraces  are  just  such  plains,  with  so  gradual  a  slope  up  above 
the  floor  of  the  valleys  that  they  appear  horizontal,  and  ending 
outside  with  a  steep  precipice.  At  the  mouths  of  most  of  the 
valleys,  one  sees  many  such  terraces  rising  staircase-like  one  above 
the  other.  These  terraces  seem  to  show  that  the  land  has  rapidly 
risen  many  feet  at  a  time,  a  rise  for  each  terrace,  and  between  them 
have  been  long  periods  of  repose,  during  which  the  6r  were  formed. 

The  above  is  roughly  translated  from  a  small  Norwegian  school 
geology  by  Comeluissen,  and  seems  to  me  to  afford  a  good 
explanation  of  the  step-terraces  of  Norway ;  but  does  it  not  also 
explain  the  gravel-flats  of  England  ?  It  seems  to  me  that  short, 
rather  rapid  elevations,  separated  by  long  periods  of  repose,  would 
produce  precisely  the  result  which  we  see  in  Surrey,  Berkshire,  and 
other  parts  of  the  country. 

The  flats  are  due  partly  to  excavation  and  partly  to  deposition. 
Assume  that  an  elevation  of  the  Thames  Valley  to  an  amount  of 
20  feet  took  place  now.  The  river  would  at  once  begin  to  out 
down  its  channel  to  the  new  level,  and  in  our  soft  strata  its  progress 
back  from  the  sea  would  be  very  rapid.  We  should  have  a  new 
plain  excavated,  and  the  gravel  now  at  the  level  of  the  river 
alluvium  would  stand  up  as  a  terrace ;  part  of  it  would,  moreover, 
be  .destroyed,  and  the  materials  spread  out  as  a  gravel  sheet  at 
the  lower  level.  In  England,  where  the  rock  is  soft  and  easily 
eroded,  the  gravel-flats  are  wide-spread,  but  in  many  of  the 
Norwegian  valleys  the  rock  is  very  hard,  and  the  terraces  are 
consequently  of  very  limited  extent 

The  gravel-flats  are  best  seen  on  the  south  of  the  Thames.  North 
of  that  river  similar  flats  occur,  but  there  drift  questions  are  much 
complicated  by  the  presence  of  glacial  beds  ;  indeed,  the  elevation  of 
the  south  of  England  and  the  deposition  of  most  of  the  gravels 
appears  to  have  taken  place  whilst  the  north  of  the  country  was 
under  glacial  conditions,  and  after  they  ceased  the  country  seems  to 
have  undergone  but  little  further  elevation.  In  Norway,  on  the  other 
hand,  movements  of  elevation  seem  to  have  taken  place  from  time  to 
time  up  to  a  much  more  recent  date,  and  so  we  find  the  step- terraces, 
which  are  post-Qlacial  and  were  formed  after  southern  England 
had  entered  upon  a  period  of  repose. 

The  gravel  beds  upon  these  flats  differ  materially  from  most  or  all 
of  the  older  geological  deposits  of  this  country.  The  fact  that  the 
stones  are  to  a  large  extent  subangular,  and  but  little  water-worn, 
distinguishes  them  from  the  Eocene  pebble  beds;  nor  do  they  resemble 
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the  old  breooias  with  which  I  am  aoquainted ;  but  if  the  saggested 
explanation  be  oorrect  the  gravels  were  formed  daring  a  period 
of  eleration  of  the  land,  whereas  most  or  all  of  oar  older  deposits 
were  formed  daring  periods  of  slow  sabsidenoe.  Bat,  though  the 
explanation  now  suggested  accounts  for  much  of  the  problem 
presented  to  us  by  the  gravels  near  the  Thames,  it  must  be  admitted 
that  there  are  certain  facts  which  it  does  not  explain.  Thus,  the 
Corbicula  JluminaliB  bed  at  Orayford  and  Grays  bears  so  strong 
a  resemblance  to  deposits  which  have  been  clearly  formed  during 
a  long,  slow  depression  of  the  surface,  that  I  can  only  think  that 
at  some  time  this  particular  part  of  the  Thames  Valley  sank  whilst 
the  remainder  was  either  rising  or,  more  probably,  was  lying 
stationary  during  a  period  of  repose. 

The  deep  chamiel  of  drift  in  the  valley  of  the  Cam  described  by 
Mr.  Whitaker^  also  seems  to  me  to  point  to  an  area  of  locfd 
depression. 

The  conclusions  to  which  I  have  come  are,  therefore,  four  in 
number : — 

1.  That  the  gravels  of  which  I  have  spoken  are  river  gravels, 
formed  since  the  country  last  rose  above  the  sea. 

2.  That  the  process  of  elevation  was  not  continuous,  but  that 
short  periods  of  rapid  movement  were  separated  by  long  periods 
of  repose. 

3.  That  the  gravel-flats  are  the  work  of  rivers  during  the  periods 
of  repose. 

4.  That  the  earth-movements  did  not  affect  the  whole  area 
uniformly,  and  that  local  depression  occurred. 


Vm. — EviDBNOss  OF  Ahoiemt  Glaoibb-dammed  Lakes   in  the 

Cheviots.* 
By  Pbbot  F.  KmfDALL,  F.6.S.,  and  Hbrbb&t  B.  Muff,  B.A.,  F.Q.S. 

IT  is  uncertain  whether  Cheviot  itself  was  overridden  by  extraneous 
ice,  but  striao  on  Thirl  Moor  and  Baker  Crag,  recorded  by  the 
Geological  Survey,  probably  indicate  that  that  portion  of  the 
watershed  was  overridden  by  ice  from  the  Tweed  Valley,  and 
Professor  James  Geikie  mentions  the  occurrence  of  till  and  striated 
stones  on  the  tops  of  the  Cheviot  Hills  at  1,500  feet.  The  transport 
of  erratics  shows  movement  along  both  sides  of  the  axis  of  the 
range  from  S.W.  to  N.E.  at  some  stage  of  the  glaciation.  Across 
the  northern  end  and  for  at  least  ten  miles  down  the  eastern  side, 
however,  a  distribution  of  erratics  from  the  Tweed  Valley,  together 
with  other  indications  to  be  mentioned,  points  to  an  ice-flow  veering 
round  through  easterly  to  a  north  to  south  direction.  Our 
observations  go  to  confirm  the  above  conclusions  with  respect  to 
the  area  north  and  east  of  Cheviot 

During  a  few  days  spent  in  the  district,  we  observed  certain 
features  which  throw  much  light  on  the  later  stages  of  the  Ice  Age 

^  Quart.  Journ.  Geol.  Soc.,  1890,  yoI.  xlvi,  p.  333. 

*  Bead  before  the  British  AaBociation,  Section  0  (Qeology),  Glasgow,  Sept,  1901. 
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in  this  area.  Mr.  Olongh  mentions  ^  ''  dry,  steep-sided  little  valleys 
orossing  over  watersheds,  whioh  do  not  appear  to  lie  along  lines  of 
weakness  or  the  ontorops  of  soft  beds.  It  is  suggested  that  they 
might  have  been  formed  by  streams  from  glaciers." 

Some  of  the  valleys  observed  by  us  run  along  the  sides  of  hills  or 
oocur  as  loops  detaching  portions  of  the  walls  of  valleys,  and  the 
general  characters  of  similar  valleys  have  been  described  by  us 
separately.^  Their  mode  of  occurrence,  and  the  relations  to  the 
relief  of  the  country  as  well  as  to  the  position  occupied  by  the 
ancient  ice-sheets,  show  that  they  can  be  ascribed  only  to  the  over- 
flow of  water  from  lakelets  held  up  by  an  ice-barrier.  In  the 
country  between  Yeavering  Bell  and  Ingram  we  found  that  each  of 
the  spurs  separating  the  vadleys  which  radiate  from  Cheviot  was  cut 
across  by  one  or  more  sharp  gorge-like  channels,  draining,  with  one 
significant  exception,  to  the  south.  The  spur  between  Boddam  Dean 
and  the  Breamish  Biver  is  cut,  near  Calder  Farm,  by  a  channel, 
bounded  on  the  east  by  the  moraine,  draining  to  the  south,  but 
a  higher  portion  of  the  same  spur  is  traversed  by  a  channel 
draining  in  the  opposite  direction,  i.e.  to  the  north. 

The  highest  member  of  a  series  across  any  given  spur  is  usually 
just  above  the  boundary  of  the  drift,  containing  extraneous  boulders. 
At  the  outlets  of  the  valleys  there  are  in  several  cases  deltas, 
represented  by  masses  of  gravel. 

CimdusionB, — The  existence  of  the  series  of  overflow  channels 
points  dearly  to  the  former  presence  of  a  chain  of  small  lakes  held 
in  the  radial  system  of  valleys  of  the  Cheviots  by  a  barrier  of  ice. 
The  ice-stream,  by  the  boulders  which  it  bore,  may  be  inferred  to 
have  swept  round  the  end  of  the  Cheviots  out  of  the  Tweed  Valley. 
The  margin  of  the  sheet  at  its  maximum  extension  rose  to  about 
1,000  feet  along  the  arc  from  Yeavering  Bell  to  Brands  Hill,  beyond 
which  it  may  have  declined.  Along  the  south-eastern  slopes  of  the 
Cheviots,  another  extraneous  glacier  swept  in  a  north-east  direction. 
Where  their  confluence  took  place,  or  whether  they  were  not  in 
succession  rather  than  simultaneous,  is  not  easy  to  decide,  but 
the  Boddam  Bum  channel  points  very  clearly  to  the  preponderating 
influence  of  the  southern  stream,  while  the  Calder  Farm  overflow 
lower  down  the  same  ridge  shows  by  its  southerly  slope  that  the 
northern  ice  later  acquired  the  mastery.  If  the  two  glaciers  were 
confluent,  then  the  overflowing  waters  of  the  lakes  must  have  been 
discharged  either  beneath  the  ice,  as  at  present  happens  to  the 
overflow  from  a  chain  of  ice-dammed  lakes  on  the  Malaspina  glacier, 
or  over  the  top  of  the  ice. 

An  important  and  unexpected  result  of  our  brief  examination  has 
been  the  discovery  that  while  'foreign'  ice  was  rising  along  the 
flanks  of  the  Cheviots  to  an  altitude  of  1,000  feet,  not  only  were 
the  spurs  free   from   any   native  ice-sheet,   such    as    Cheviot    or 

1  **  The  Geology  of  the  Cheviot  Hills  "  :  Geol.  Surv.  Mem. 

'  P.  F.  Kendall,  '*  On  Extra-morainic  Drainage  in  East  Yorkshire*':  Brit. 
Assoc.  Rep..  1899.  A.  Jowett  &  H.  B.  MnS,  «*  Preliminary  Notee  of  the 
Oladation  ot  the  Bradford  and  Keighley  District  '* :   ibid.,  1900. 
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Hedgehope  might  have  been  expected  to  support,  but  even  the 
lower  ends  of  the  intervening  Talleys  were  oocupied,  not  by  great 
native  glaciers,  but  by  lakes. 

The  conditions  thus  described  may  have  some  relation  to  the  fact 
that,  while  the  porphyrites  of  the  Cheviots  have  furnished  the  most 
abundant  types  of  erratics  in  the  Drift  of  the  Yorkshire  Coast,  the 
granite,  if  present,  which  is  not  quite  certain,  is  very  rare. 


IX. —  NOTB  ON  THE  VOLCANIO  AGGLOMERATE  OF  FOBKILL, 

Co.  Armagh. 

By  Joseph  Nolan,  M.K.I.A.,  late  Senior  Geologist  (retired),  Geological  Surrey 

of  Ireland. 

IN  a  paper  by  Messrs.  J.  B.  Eilroe  and  A.  M'Henry,  M.RI.A., 
which  appeared  in  vol.  Ivii  of  the  Q.J.G.S.>  published  last 
August,  the  following  statement  concerning  the  above  rock  is 
made :  ''  In  parts  they  [the  rock  masses]  consist  of  brecciated 
slate  or  brecciated  granite  and  felsite,  the  fragments  being  embedded 
in  a  scanty  andesitio  matrix."  Now  this  description  is  quite 
erroneous,  the  great  and  almost  unique  characteristic  of  the  Forkill 
agglomerate  being  that  the  greater  portion  is  made  up  of  non- 
volcanic  materials — in  some  places  of  granite  pieces  for  the  most 
part,  in  a  groundmass  of  finely  comminuted  material  of  the  same 
rook,  and  in  others  of  Silurian  slate  fragments  in  a  correspondingly 
derivative  base.  This  I  have  described  long  ago  in  the  officicd 
memoir  to  accompany  Sheet  70  of  the  Geological  Survey  Map  of 
Ireland,  as  also  in  the  following  papers:  '^On  a  Remarkable 
Yolcanic  Agglomerate  near  Dundalk"  (J.E.G.S.,  Ireland,  new 
series,  vol.  iv,  pt  4)  and  **0n  the  Ancient  Volcanic  District  of 
Slieve  Gallion  "  (Geol.  Mag.,  Dec  II,  VoL  V,  October,  1878). 

Becently  Sir  Archibald  Geikie,  D.C.L.,  has  examined  this  district, 
and  the  results  of  his  investigations  are  published  in  his  book  on 
the  "  Ancient  Volcanoes  of  Great  Britain,"  vol.  ii,  p.  423 :  "  The 
Slieve  Gallion  District,"  where  he  particularly  comments  on  the 
remarkable  absence  of  volcanic  fragments  in  the  upper  and  greater 
part  of  the  mass,  which,  as  already  stated  in  my  own  essays,  graduates 
downwards  into  a  rock  with  felsitic  matrix  and  ultimately  into  the 
underlying  igneous  rock.^ 

1  "  The  most  remarkable  features  of  this  agglomerate,  which  has  been  weU 
described  by  Mr.  Nolan,  are  the  notable  absence  of  truly  volcanic  stones  in  it,  and 
the  derivation  of  its  materials  from  the  rocks  around  it.  I  found  only  one  piece  of 
amygdaloid,  but  not  a  single  lump  of  slaff,  no  bombs,  no  broken  fragments  of  lava 
crusts,  and  no  fine  volcanic  dust  or  enclosed  lapilli.  The  rock  may  be  said  to  consist 
entirely  of  fragments  of  Silurian  grits  and  shales  where  it  lies  among  these  strata, 
and  of  granite  where  it  comes  through  that  rock.  Blocks  of  these  materials,  of  all 
sizes  up  to  two  feet  in  breadth,  are  confusedly  piled  tofi^ther  in  a  matrix  made  of 

comminuted  debris  of  the  same  ingredients The  essentially  non-volcanic 

material  of  the  agglomerate  shows,  as  Mr.  Nolan  pointed  out,  that  it  was  produced 
by  seriform  explosions,  which  blew  out  the  Silurian  strata  and  granite  in  fragments 
and  dust.  These  discharges  probably  took  place  either  from  a  series  of  vents  placed 
along  a  line  of  fissure  running  in  a  north-westerly  line,  or  directly  from  the  open 
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From  the  inaeparable  assooiation  with  the  igneous  oore  there  can 
be  no  doabt  that  this  peculiar  agglomerate  or  breccia  is  due  to 
»riform  explosions  by  which  the  pre-existing  crust  was  broken  up 
while  the  Yolcanic  energy  ceased  without  any  appearanoe  of  the 
uprising  lava. 

ISTOTICSS   OIF   ^4ce]^j:oii&s. 


L  —  Bbitish   Association    fob   the    Adyanosmsnt  of   Soicmob. 
Serenty-first  Annual  Meeting,  held  at  Glasgow,  Sept.  11-18, 1901. 

List  of  Papbbs  bead  in  Section  0  (Gbologt). 
John  Ho&ns,  F.R.S.,  Presideiit. 
President's  Address.     (See  p.  452.) 
W.  Ounn, — Becent  Discoveries  in  Arran  (Geology. 
0.  Barrow. — On  Variations  in  a  certain  Zone  of  the  Eastern  Highland 

Schists. 
P.  Macnair. — On  the  Crystalline  Schists  of  the  Southern  Highlands, 

their  Physical  Structure,  and  its  probable  manner  of  Development 
Professor  J.  Gdhie,  F.B,S.,  and  Dr.  J.  8.  Flett.— The  Granite  of 

Tulloch  Burn,  Ayrshire. 
Dr.  J.   S.  Fleit. — On    Crystals    Dredged    from    the    Clyde   near 

Helensburgh,  with  analyses  by  Dr.  W.  Pollard. 
E.  B.  Woodward,  F.B.S. — Note  on  a  Phosphatic  Layer  at  the  Base 

of  the  Inferior  Oolite  in  Skye.     (See  p.  619.) 

Further  Note  on  the  Westleton  Beds. 

Professor  W.  W.  TfaW^.—Report  of  the  Committee  for  the  Collection 

and  Preservation  of  Geological  Photographs. 
Sir  A.   Gekie,  D.G.L.,  F.B.S. —Time- intervals    in  the  Volcanic 

History  of  the  Inner  Hebrides. 
A.  Harker. — The  Sequence  of  the  Tertiary  Igneous  Bocks  in  Skye. 

(See  p.  506.) 
A.  M*Henry  and  J.  B.  Kilroe.—On  the  Relation  of  the  Old  Bed 

Sandstone  of  N.W.  Ireland  to  the  adjacent  Metamorphic  Bocks, 

and  on  its  similarity  to  the  Torridon  Bocks  of  Sutherland. 
/.  B.  Kilroe  and  A.  M'Henry. — On  the  Belation  of  the  Silurian  and 

Ordovician  Bocks  of  the  North- West  of  Ireland  to  the  great 

Metamorphic  Series. 
0.   H.   Kinahan. — Notes  on  the  Irish  Primary  Bocks  with  their 

associated  Granitic  and  Metamorphic  Bocks. 

Some  Laccolites  in  the  Insh  Hills. 

Dr.  B.  H.  Traquair,  FB.S.— The  Geological  Distribution  of  Fishes 

in  the  Carboniferous  Bocks  of  Scotland. 
On  the  Geological  Distribution  of  Fishes  in  the  Old  Bed 

Sandstone  of  Scotland. 

fiflsore  itself.  Possibly  both  of  these  ohaxmels  of  escape  were  in  use,  detached  Tents 
appearing  at  the  east  end,  and  a  more  continuous  discharge  from  the  fissure  farther 
west.  After  the  earliest  explosions  had  thrown  out  a  large  amount  of  granitic  and 
Silurian  detritus,  andesitic  lava  rose  in  the  fissure,  and,  solidifying  there,  enclosed 
a  great  deal  of  the  loose  fragmentary  material  that  fell  back  into  the  chasm.*' 
(«<  Ancient  Volcanoes  of  Qreat  Britain,*'  toI.  ii,  p.  423.) 
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Mi$8  C,  A.  BaiBtn,  D,Se, — Perim  Island,  and  its  Belation  to  the  Area 

of  the  Red  Sea. 
B,  L.  Jack,  LL.D, — The  Artesian  Water  Supply  in  Queensland. 
B.  N.  Peach,  JP.£.S.— The  Camhrian  Fossils  of  the  N.W.  Highlands. 
Profeeeor  TT.  J.  Sollae,  JP.B.S.— On  a  New  Method  in  the  Investiga- 
tion of  Fossil  Remains.    With  illustrations,  MonograptuSf  Ophitiir<i, 

Palaoapondylms. 
B.  Kid$ton,  FM.8.E. — Notes  on  some  Fossil  Plants  from  Berwiokshire. 
Dr.  Wheelton  Hind. — Report  of  the  Committee  for  studying  Life- 
zones  in  the  British  Oarhoniferous  Rocks. 
cT.  B.  Kilroe,  ^Geology  regarded  in  its  Eoonomio  Applications  to 

Agriculture  by  means  of  Soil  Maps. 
A.  M.  BeU. — Plants  and  Coleoptera  of  Pleistocene  Age  from  Wolver- 

cote,  Oxfordshire. 
Vaughan  Comieh,  D.Se. — Report  of  the  Committee  on  Terrestrial 

Surface  Waves  and  Wave-like  Surfaces. 
Dr.  B.  F.  Scharff. — Report  of  the  Committee  to  Explore  Irish  Caves. 
Professor  P.  F.  KendaU  and  H.  B.  ifii/.— Evidences  of  Ancient 

Olacier-dammed  Lakes  in  the  Cheviots.     (See  p.  513.) 
Professor  P.  F.  KendaU, — Report  of  the  Committee  on  the  Distribution 

of  Erratic  Blocks. 
A.  Smith  Woodward,  LL,D.,  JP.RS.— Report  of  the  Committee  for 

considering  the  best  methods   for  the  Registration  of  all  TyP® 

Specimens  of  Fossils  in  the  British  Isles. 
TT.  Barlow. — Report  of  the  Committee  upon  the  present  state  of  our 

knowledge  of  the  Structure  of  Crystals. 
J.  0.  Ooodchild. — On  the  Scottish  Ores  of  Copper  in  their  Geological 

relations. 

A  revised  list  of  the  Minerals  known  to  occur  in  Scotland. 

W.  Machie,  M.D. — The  occurrence  of  Barium  Sulphate  and  Calcium 

Fluoride  as  cementing  substances  in  the  Elgin  Trias. 
— On  the  Pebble  Band  of  the  Elgin  Trias  and  the  Wind- worn 

Pebbles. 

On  the  occurrence  of  Covellite  in  association  with  Malachite 


in  the  Sandstone  of  Kingsteps,  Nairn. 
J.  M.  Maclaren. — On  the  Source  of  the  Alluvial  Qold  of  the  Kildonan 

Field,  Sutherlandshire. 
Field  Notes  on  the  influence  of  Organic  Matter  on  the 

deposit  of  Gold  in  Veins. 
W.  H.  Wheeler. — On  the  Sources  of  the  Warp  in  the  Humber. 
0.  Barrow. — On  the  Alterations  of  the  Lias  Shale  by  the  Whin  Dyke 

of  Great  Ayton  in  Yorkshire. 
K  H.  Cunningham  Craig. — On  Cairngorms. 

W.  Aekroyd. — On  the  Circulation  of  Salt,  and  its  Geological  Bearings. 
J,  Bhodes.—'NoteB  on  the  occurrence  of  Phosphatic  Nodules  and 

Phosphate-bearing  Rocks  in  the  Upper  Carboniferous  Limestone 

(Toredale)   Series  of  the  West  Riding  of  Yorkshire  and  the 

Westmoreland  border. 
Note  on  a  Silicified  Plant  Seam  beneath  the  Millstone 

Grit  of  Swarth  Fell,  West  Riding  of  Yorkshire.     (See  p.  620.) 
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A.  Smith  Woodward,  LL.D.,  JP.B.S.— On  the  Bone-beds  of  Pikermi, 
Attica,  and  on  similar  Deposits  in  Northern  Eaboea.    (See  p.  481.) 

H,  J.  L,  Beadnell, — ^The  Fayum  Depression.  A  preliminary  notioe  of 
the  Geology  of  a  district  in  Egypt  containing  a  new  Pal»ogene 
Vertebrate  Fauna. 

Captain  A.  B,  Dwerryhouse. — ^Beport  of  the  Committee  on  the  Move- 
ments of  Underground  Waters  of  N.W.  Yorkshire. 

Professor  E.  Hull,  JP.B.S.— Notes  on  the  Physical  History  of  the 
Norwegian  Fjords. 

H,  W.  Monekton,— On  the  Origin  of  the  Gravel-Flats  of  Surrey  and 
Berkshire.     (See  p.  610.) 

A.  Somervail. — On  the  Occurrence  of  Diorite  associated  with  Granite 
at  Assouan,  Upper  Egypt. 

James  Stirling, — On  some  Hornblende  Porphyrites  of  Victoria. 
Malcolm  Laurie, — Note  on  some  Arthropods  from  the  Upper  Silurian. 
F,  P.  Mennell,— The  Copper-bearing  Rocks  of  S.  Australia,  (p.  620.) 
H,   Bolton, — Beport  of  the   Committee  on  the  Excavation  of  the 
Ossiferous  Caves  at  Uphill,  near  Weston-super-Mare. 

Section  A  (Mathematical  and  Physical  Science). 

Beport  of  the  Committee  on  Underground  Temperature. 
Beport  of  the  Seismological  Committee. 
F.  N,  Denison, — The  Seismograph  as  a  Sensitive  Barometer. 
Professor  J,  Milne,  F,R,S. — On  Meteorological  Phenomena  in  relation 
to  Changes  in  the  Vertical 

Section  B  (Chemistry). 

W.  Ackroyd, — Inverse  Eelation  of  Chlorine  to  Bainfall. 
— ^— ^  The  Distribution  of  Chlorine  in  Yorkshire. 
Professor  A,  Michael, — On  the  Genesis  of  Matter. 
Dr.  E,  F,  Armstrong, — ^The  Equilibrium  Law  as  applied  to  Salt 
Separation  and  to  the  formation  of  Oceanic  Salt  Deposits. 

Section  D  (Zoology). 
Coral  Beefs  of  the  Indian  Begion.     (Beport.) 
J.  Stanley  Gardiner, — The  Coral  Islands  of  the  Maldives. 
Dr,  Francisco  P,  Moreno, — Exhibition  of  Photographs  of  Fossils  in 
the  La  Plata  Museum. 

Section  E  (Geography). 

Vaughan  Cornish,  D.Sc, — Beport  of  Committee  on  Terrestrial  Surface 

Waves. 
H,  N,  Dickson. — The  Mean  Temperature  of  the  Atmosphere  and  the 

Causes  of  Glacial  Periods. 
Dr.  B,  BeU,  JP.B.S.— The  Topography   and  Physical  Features  of 

Northern  Ontario. 

B.  r.  Qunther. — Beport  of  the  Committee  on  Changes  of  the  Land- 
level  of  the  Phlegrsaan  Fields. 

Section  F  (Economic  Science  and  Statistics). 

JB.  W.  Dron. — Some  Notes  on  the  Output  of  Coal  from  the  Scottish 
Coalfields. 
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SeOTION   G    (ENGINBBBINa). 

P.  Bunau  Varilla, — ^The  Panama  Canal. 

/.  DiUon. — Beoording  Soundings  by  Photography. 

Vaughan  Cornish, — Size  of  Waves  observed  at  Sea. 

Section  H  (Anthropology). 

Miss  Nina  Layard. — Note  on  a  Human  Skull  found  in  peat,  in  the 

bed  of  the  Eiver  Orwell,  Ipswich. 
W.  Allen  Sturge,  M.D. — On  the  Chronology  of  the  Stone  Age  of  Man, 

with  especial  reference  to  his  coexistence  with  an  Ice  Age. 
0.  Coffey. — Naturally  Chipped  Flints  for  comparison  with  certain 

forms  of  alleged  artificial  chipping. 
Ebenezer  Duncan,  M,D,,  and  T.  H.  Bryce,  M.A,,  M,D, — Bemains  of 

Prehistoric  Man  in  the  Island  of  Arran. 
Miss  Nina  Layard, — An  Early  PalsBolithio  Flint    Hatchet  with 

alleged  Thong-marks. 
F.  D,  Longe. — A  piece   of  Yew  from  the  Forest  Bed  on  the  East 

Coast  of  England,  alleged  to  have  been  out  by  man. 
0,  Coffey, — Exhibit  of  Manufactured  Objects  from  Irish  Caves. 

Sbotton  K  (Botany). 

Dr,  H,  Conwentz, — The  Past  History  of  the  Yew  in  Great  Britain 

and  Ireland. 
W,  N.  Niven--  On  the  Distribution  of  certain  Forest  Trees  in  Scotland, 

as  shown  by  the  investigation  of  Post-Glacial  deposits. 
A.  C,  Seward,  F,R.S.,  and  Sybille  0,  -Ford.— The  Anatomy  of  Todea, 

with  notes  on  the  Geological  History  of  the  OsmundaoesB. 
E.  N.  Arber, — On  the  Clarke  Collection  of  Fossil  Plants  from  New 

South  Wales. 
Professor  H,  Potonii, — Die  Silur-  und  Culm-Flora  des  Harzes. 
A,  C,  Seward,  F,B,S, — A  Chapter  of  Plant-evolution :  Jurassic  Floras. 
— ^— The  Structure  and  Origin  of  Jet. 


II. — Note  on  a  Phosphatio  Layer  at  the  Base  of  the  Inferior 
Oolite  in  Skye.  By  Horace  B.  Woodward,  F.B.S.,  of  the 
Geological  Survey.* 

AT  the  southern  end  of  the  great  cliffs  of  Ben  Tianavaig,  south 
of  Portree,  in  Skye,  the  basement  beds  of  the  Inferior  Oolite, 
which  contain  large  dogger-like  masses  of  calcareous  sandntone,  rest 
in  a  hollow  of  the  Upper  Lias  Shales,  owing  to  local  and  to  a  certain 
extent  contemporaneous  erosion.  Lining  this  hollow  there  is  an 
irregular  and  nodular  band,  two  or  three  inches  thick,  of  dark 
brown  oolitic  and  phosphatio  rock ;  a  fact  of  interest,  as  instances 
of  local  erosion  are  often  attended  by  the  accumulation  of  phosphatio 
matter  in  beds,  nodules,  and  derived  fossils. 

Mr.  George  Barrow,  who  made  a  rough  analysis  of  the  rock, 
estimated  the  amount  of  phosphate  of  lime  at  about  50  per  cent. ; 
and  Mr.  Teall,  who  examined  a  section  under  the  microscope,  noted, 

^  Read  before  the  British  Association,  Section  C  (Geology),  Glat^ow,  Sept.,  1901, 
and  commnnicated  by  pennission  of  the  Director  of  the  Geological  Surrey. 
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in  addition  to  the  oolite  grains,  fragments  of  mollosoan  shells  and 
echinoderms,  and  foraminifera,  in  a  finely  granular  matrix  formed 
of  oalcite.  He  observed  that  the  central  portions  of  some  of  the 
oolite  grains  were  formed  of  a  nearly  isotropic  brown  sobstanoe  in 
which  the  typical  concentric  structure  of  the  oolite  grains  was  well 
preserved.    This  substance  was  no  doubt  pbosphatic. 


m. — NOTB     ON     THE    DiSOOVBBT     OP     A     SiLIOIFIBD     PlANT     SbAM 
BENEATH  THE  MlLLSTONB  GbIT  OF  SwABTH  FbLL,  WeST  RiDINO 

ov  YoBKSHiBB.     By  John  Rhodes,  of  the  Gleological  Survey.^ 

BY  kind  permission  of  the  British  Association  Committee  on 
Carboniferous  Zones  I  am  enabled  to  record  the  discovery  of 
a  silicified  plant  seam  beneath  the  Millstone  Grit  at  Swarth  Fell, 
and  two  miles  north-west  of  Hawes  Junction. 

The  exact  geological  position  of  the  overlying  strata  is  doubtful, 
but  apparently  they  occupy  the  horizon  of  the  grindstone  or  ganister 
of  the  district. 

At  this  particular  place,  however,  the  grindstone  or  ganister  is 
absent,  and  its  place  is  taken  by  flaggy  silicious  limestones  with 
marine  shells  and  by  a  bed  of  highly  silicious  grit  with  plant  remains, 
the  latter  resting  more  or  less  directly  on  the  silicified  plant  seam. 

Chert  occurs,  probably  as  lenticles  in  the  uneven  surface  of  the 
seam,  and  contains  a  mass  of  detached  silicious  sponge  spicules, 
apparently  rod-like  bodies,  which  may  belong  to  the  anchoring  ropes 
of  hexactinellid  sponges.  In  the  same  chert  are  included  fragments 
of  silicified  plant  remains  beautifully  preserved. 

In  the  plant  seam  included  pebbles  of  silicious  grit  occur,  which 
contain  a  few  spicules  similar  to  those  in  the  chert,  and  also 
plant  remains.  The  plant  seam  rests  on  a  layer  of  silicified  shale 
containing  a  few  fragmentary  sponge  spicules,  mostly  rod-like  forms, 
one  piece  belonging  to  an  hexactinellid  sponge.  The  beds  below 
are  more  or  less  rotted  clay  shales  with  ironstone  nodules. 

I  am  indebted  to  Dr.  Q.  J.  Hinde  for  notes  on  the  sponge  remains 
directly  associated  with  the  plant  seam.  The  plants  have  not  been 
determined,  but  have  been  placed  in  the  hands  of  R.  Kidston,  Esq., 
P.R.S.B.,  F.G.S.,  Stirling. 

rV. — The   Coppeb-beabino    Rooks    op    South    Austbalia.     By 
F.  P.  Mennbll.^ 

THE  author  drew  attention  to  the  fact  that  the  copper  ores  of 
Yorke's  Peninsula  in  South  Australia  were  the  first  metallic 
minerals  worked  on  the  Australian  continent.  They  occurred  in 
rocks  of  Arohsdan  age,  which  at  Moonta  and  Wallaroo  had  been 
subjected  to  crushing  and  shearing  to  such  an  extent  that  they 
presented  but  few  traces  of  their  original  structures,  except  in  the 
case  of  a  diorite  at  Wallaroo,  which  was  of  a  typically  plutonic 
character.     Most  of  the  rocks  were  mylonites,  and  in  some  instances 

>  Bead  before  the  British  Association,  Section  C  (6eo>)gy),  Glasgow,  Sept.,  1901. 
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they  had  been  redaoed  to  a  oompact  flinty  type  in  which  none  of  ihe 
minerals  could  be  recognized  with  certainty.  Where  the  original 
oonstitnents  had  survived  they  were  of  a  fragmentary  character. 
Oligoclase  seemed  to  have  best  resisted  the  crushing,  and  orthoclase 
occasionally  remained  in  lentides,  but  the  brittle  quartz  had  been 
invariably  reduced  to  powder.  Mr.  Menuell  thought  that  the 
economic  aspect  of  the  examination  was  of  considerable  importance, 
for  the  mines  had  been  shut  down  several  times  when  the  ore  had 
thinned  out  owing  to  doubts  as  to  its  permanence.  From  the 
character  of  the  rocks  it  was,  however,  obvious  that  they  occurred 
in  a  true  *  fissure  lode,'  and  no  doubts  need  be  felt  as  to  the  con- 
tinuance of  the  ore  to  the  limit  of  workable  depths. 


V- — The  Qbologio  Distributiom  op  Foluctpss  and  Scalpbllum} 
By  F.  A.  Bathbb,  D.Sa,  F.G.S. 

IN  a  valuable  memoir  on  the  "  Hudson  Biver  Beds  near  Albany, 
and  their  taxonomio  equivalents,"  published  as  Bulletin  of  the 
New  York  State  Museum,  No.  42,  April,  1901,  Dr.  Budolph 
Bnedemann  describes  a  number  of  variously  shaped  valves  found 
in  the  Upper  and  Lower  Utioa  Shale  of  Qreen  Island  and  Mechanics- 
ville,  N.Y.  (p.  678,  pi.  ii).  These  he  believes  to  "find  their 
homologues  in  parts  of  the  capitula  of  the  pedunculate  cirriped 
genera  Scalpeilum  and  PolUcipea,  notably  of  the  latter.  On  this 
account  the  various  valves  have  been  united  under  the  caption 
PolUeipes  Btlurieua,  in  full  consciousness  of  the  enormous  gap 
existing  between  the  appearance  of  this  Lower  Siluric  type  and 
the  next  Upper  Triassic  (BhsBtic)  representatives  of  these  genera." 
€k>nfirmation  of  Dr.  Euedemann's  ascription  may  be  derived  from 
the  fact  that  *'  the  enormous  gap  "  does  not  exist.  Early  in  1892 
Dr.  C.  W.  S.  Aurivillius'  published  the  descriptions  of  Follidpei 
signatuB  from  bed  e  (=  Lower  Ludlow),  P.  validus  from  bed  c 
(=»  Wenlock  Shale),  Scalpdlum  aulcatum,  8.  varium,  S.  granulaium, 
8.  strohiloideSt  8,  procertwif  8,  eylindrieumy  and  8.  fragile^  all  from 
bed  «,  of  the  island  of  Gotland.  Tbe  species  of  8ccUpeHum  are 
founded  on  peduncles,  Pollieipes  validus  is  represented  by  a  broken 
scutum  only,  but  P.  signatus  is  based  on  an  almost  perfect  specimen. 
The  occurrence  of  more  than  one  species  of  both  these  genera  in 
the  Silurian  lends  significance  to  the  diversity  of  form  presented 
by  Dr.  Buedemann's  specimens.  The  ornament  on  his  fig.  18 
most  nearly  resembles  that  of  P.  signatus,  while  the  rostrum, 
fig.  22,  is  also  not  unlike  that  species.  Figs.  16,  17,  and  19  may 
belong  to  more  than  one  other  species,  while  24  (with  which  pre- 
sumably 25  is  to  be  associated)  may  belong  to  a  Scalpellumy  as 
Dr.  Buedemann  seems  to  hint.  In  the  circumstances  it  is  specially 
regrettable  that  Dr.  Buedemann  has  selected  no  one  of  these  specimens 
as  the  holotype  of  PoUidpes  siluricus.  If  he  does  not  do  so  soon, 
confusion  is  pretty  certain  to  arise. 

'  Beprinted  from  Science,  July  19th,  1901,  p.  112  (n.8.,  toI.  xiv.  No,  342). 
*  Bihang  Sreska  yet.-Akad.  Handl.,  xviii,  Afd.  iY,  No.  3. 
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Figs.  13,  1^  and  15  are  referred  to  TurriUpas  (?)  JUosus,  n.8p. 
A  recent  examination  of  the  plates  of  that  genus  saggests  to  me 
that  the  note  of  interrogation  is  fully  justified. 

Aurivillius  considered  that  PoUicipes  signatus  showed  a  closer 
approach  to  the  Balanidse  than  any  other  of  the  Lepadidao,  but  be 
too,  in  ignorance  of  the  Devonian  Frotobalanus,  Whitf.,  discoursed 
needlessly  about  the  gap  in  the  distribution.  NOw  that  the  range 
of  the  Lepadidao  has  been  extended  to  the  Ordovioian,  we  may  look 
confidently  for  further  discoveries.  We  may  also  hope  that  the 
time  has  now  come  when  even  the  textbooks  may  awake  to  the 
fact  that  the  genera  PoUieipes  and  SealpeUum  existed  in  Palsdosoio 
times. 

My  apology  for  insisting  on  this  is  not  merely  that  botk 
Dr.  Aurivillius  and  Professor  Lindstrom,  who  supplied  him  with 
the  material,  have  unhappily  passed  away,  but  that  I  had  the  good 
fortune  to  be  the  discoverer  of  the  beautiful  specimen  of  PoUicipes 
signatuSf  when  developing  a  specimen  of  Gissocrinus  verrucosus  from, 
the  Pterygoius  bed  of  Wisby  Waterfall,  in  May,  1891.  The  very 
fragile  specimen  was  subsequently  licked  into  shape  (no  metaphor 
is  intended)  by  Mr.  G.  Liljevall,  to  whom  the  excellent  drawing  of 
it  is  due. 


VI. — The  Caucasian  Museum,  Tiflis,  is  publishing  a  complete 
Catalogue  of  its  Collections,  in  both  the  Russian  and  German 
languages,  the  title  in  the  latter  tongue  being :  '<  Die  Sammlungen 
des  Eaukasischen  Museums  im  Yereine  mit  Special  Gelehrten 
bearbeitet  und  herausgegeben  von  Dr.  Gustav  Radde,  Direktor,  etc." 
The  catalogue  is  in  the  form  of  quarto  volumes,  in  boards,  measuring 
81  X  23  cm.  Volume  III,  which  has  been  sent  to  us  for  review, 
deals  with  the  geological  collections,  and  is  by  Professor  N.  I. 
Le>bedev.  It  consists  of  xii  +  822  pp.  and  8  plates.  The  material 
is  arranged  under  the  heads  of  the  several  collections,  which  are 
classified  quite  roughly,  apparently  following  the  localities  in  the 
order  in  which  they  were  visited.  Among  the  collections  that  of 
Abich  from  Daghestan  is  one  of  the  most  famous ;  this  is  accompanied 
by  a  descriptive  catalogue  which  is  in  greater  detail  than  the  present 
one  and  will  be  published  in  extenso  in  MiUheilungen  des  Kaukasisehen 
Museums.  There  are  also  donations  by  successive  chiefs  of  the 
OflSce  of  Mines;  the  collections  of  F.  Bayem,  chiefly  of  value  for 
the  exactness  of  the  localities  given,  and  worked  over  by  Arzruni, 
Valentin,  and  Lebedev  ;  other  collections  that  have  afforded  material 
for  the  writings  of  these  geologists,  of  Simonovitsch,  and  others. 
The  preceding  are  all  local,  but  there  are  also  collections  serviceable 
for  comparison,  especially  those  from  the  Crimea,  Bessarabia,  and 
Transcaspian,  as  well  as  a  fine  series  from  various  horizons  and 
localities  in  Western  Europe,  partly  purchased  and  partly  the  gift 
of  Mr.  J.  de  Morgan.  The  present  catalogue  does  not  profess  to 
be  much  more  than  a  rough  list,  and,  as  is  only  natural  in  a  work 
produced  under  such  disadvantageous  conditions  as  regards  literature 
and  the  help  of  specialists,  the  determinations  are  dearly  lacking 
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in  preoision.  The  work  will  nevertheless  be  useful  to  two  classes 
of  students ;  those  who  are  investigating  the  geology  and  physical 
history  of  the  Caucasus,  and  specialists  in  petrology  or  palsdontology 
who  desire  to  see  all  the  material  available  for  their  researches. 
In  his  readiness  to  enter  into  relations  with  specialists  Dr.  Badde 
pursues  an  enlightened  and  liberal  policy,  so  that  readers  of  the 
catalogue  need  not  imagine  that  because  the  specimens  are  in  Tiflis 
it  is  no  use  to  trouble  about  them.  The  collotype  plates  illustrating 
this  volume  afford  a  sample  of  the  treasures  within ;  two  are  of 
rock-sections,  one  of  undescribed  species  of  Ammonites,  and  two 
of  species  of  Cardium,  Congeria,  Dreiasenia,  Bisaoa,  Neritina,  and 
Natica ;  one  of  the  figures  is  labelled  "  Cardium  apacheronicum,  n.sp.,'' 
but  we  can  find  no  description. 

VII. — Gkology  of  Devonshire.  — The  main  part  of  No.  3  of  the 
Proceedings  of  the  Geologists*  Association  of  London  is  devoted  to 
an  account  of  the  excursion  made  by  the  members  to  the  Start, 
Prawle,  and  Bolt  distncts  during  Easter  this  year.  The  report  is 
written  by  W.  A.  E.  Ussher,  who  gives  in  his  introductory  remarks, 
as  well  as  in  his  report,  a  good  deal  of  interesting  matter  which 
will  be  much  appreciated  by  Devonians  especially.  In  the  report 
are  incorporated  many  notes  by  A.  R.  Hunt.  The  result  enabled 
those  who  enjoyed  the  excursion  to  realize  the  geological  difficulties 
of  the  region,  and  served  to  whet  their  appetites  for  the  long- 
expected  memoir  upon  it 

Vni. — On  a  New  Fossil  Lizabd  from  the  Beds  of  the  Lower 
Ohalk  Formation  in  the  Island  of  Lesina  [Coast  of  Dalmatia] ; 
by  A.  EoRNHUBER. — ''Ueber  eine  neue  Fossile  Eidechse  aus  den 
Sohichten  der  unteren  Ereideformation  auf  der  Insel  Lesina." 
(Verhandlungen  der  k.k.  geol.  Reiohsanstalt,  I90I.)  —  In  this 
paper  the  author  describes  another  of  the  remarkable  reptilian 
skeletons  from  the  thinly  bedded  Lower  Cretaceous  limestones  of 
the  island  of  Lesina.  In  this  instance  the  skeleton  is  that  of  a 
lizard  about  1*4  metres  long,  apparently  in  its  general  structure 
related  to  the  VaranidsB,  but  in  its  dentition  approaching  the 
Mosasauridsd.  The  specimen  is  made  the  type  of  a  new  genus, 
Opetioaaurua,  the  specific  name  being  0,  Bucchichi. 

IX. — Shorter  Notices. — Georgia  Bauxite.  —  The  most  im- 
portant article  in  the  American  Qeologiat  for  July  is  T.  L.  Watson's 
account  of  the  Bauxite  deposits  of  the  Coosa  Valley  region  of  Georgia 
and  Alabama.  Discovered  in  1887,  these  fields  now  provide  the 
entire  home  consumption  of  the  United  States.  After  a  sketch  of 
the  geology  of  the  area  and  the  geological  position  of  the  mineral, 
the  author  deals  with  the  associated  minerals,  chemical  composition, 
origin,  and  age  of  the  deposits.  This  latter  is  apparently  the  close 
of  the  Eocene  period. 

Beach  Structure. — Another  article  in  the  same  Journal  of 
considerable  interest  is  H.  L.  Fairchild's  <<  Beach  Structure  in 
Medina  Sandstone,"  which  is  illustrated  by  five  plates  of  repro- 
ductions  from   photographs.      The   author   describes   the   various 
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appearances  due  to  abrupt  change  of  material,  obliqne  bedding^ 
ripples,  wave-lines,  ridges,  and  troughs,  and  has  come  to  the  con- 
olusion  that  this  1,075  feet  of  arenaceous  shale  is  a  typical  sandy 
beach  deposit 

Chili  and  Abqentina. — The  long  dispute  over  the  boundaiy- 
line  between  these  two  countries  is  further  illustrated  by  Charles 
Eabot  in  La  Geographic,  No.  4,  1901.  As  the  frontier  line 
involves  the  watershed,  the  arbitration  at  present  proceeding  is  of 
vital  importance  to  both  countries.  Rabot  gives  some  excellent 
reproductions  from  photographic  views  of  the  glacial  phenomena  of 
the  district,  and  a  particularly  clear  map  showing  the  differences 
between  the  claims  of  the  two  countries. 

Pbofessob  C.  E.  Bbboher  gives  an  account  in  the  Yale  Scientific 
Monthly  for  June,  1901,  of  the  mounting  of  the  complete  skeleton 
of  the  dinosaur  Claosaurus  annectens.  This  is  the  first  complete 
skeleton  of  a  dinosaur  yet  set  up,  and  came  from  the  Laramie  beds. 
It  belonged  to  the  Marsh  Collection,  is  29  feet  in  length,  and  is 
placed  in  the  Yale  University  Museum.  A  plate  acoompanies  the 
notice. 

"Mabyland  AMD  its  Natubal  Resouboes  "  is  the  title  of 
a  pamphlet  which  has  been  prepared  by  W.  Bullock  Clarke  as 
the  official  publication  of  the  Maryland  Commissioners  at  the  Pan- 
American  Exposition. 

Indian  Tbbtiaby  Belbmnitbs. — llie  announcement  is  made  in 
the  Report  of  the  work  carried  on  by  the  Geological  Survey  of 
India,  1900-1901,  that  Dr.  F.  Noetling  has  found  great  numbers 
of  true  Belemnites  in  Lower  Eocene  beds  near  Jhirrak,  in  Sind. 

The  Typhoon,  Luzon. — The  typhoon  which  swept  Luzon  on  the 
6th  September,  1900,  forms  the  subject  of  a  memoir  by  Padre  Jo86 
Coronas,  S.J.,  which  was  issued  by  the  Observatorio  di  Manila,  1900. 
Beyond  generalities,  however,  it  has  little  geological  interest 

WooDWABDiAN  MusEUM,  Cahbbidoe. — The  additions  made  last 
year  comprised,  among  other  things,  the  collections  of  the  late 
C.  J.  A.  Meyer,  the  greater  part  of  a  skeleton  of  Zutra  vulgaris  from 
the  peat  of  Barwell,  and  part  of  the  S.  S.  Buckman  Collection  of 
Inferior  Oolite  Ammonites.  Mr.  Reed  has  been  at  work  on  the 
British  and  Foreign  PalsBOzoic  fossils,  Mr.  Woods  on  the  Cretaceoni 
fossils,  and  Mr.  Asher  on  the  fossil  plants.  The  identification  of 
%ured  specimens  continues  to  make  satisfactory  progress,  and  we 
hope  a  revised  catalogue  of  types  will  soon  be  attempted. 

Pbofessob  J.  M.  Clabke,  State  Paleeontologist  of  New  York, 
announces  in  the  54th  Annual  Report  of  the  New  York  State  Museum 
that  a  catalogue  of  the  type  fossils  used  throughout  the  history  of 
the  "  Palsdontology  of  New  York  "  is  in  hand.  Specimens  of  type 
fossils,  as  they  are  identified  and  can  be  replaced  by  duplicates,  are 
removed  to  a  fireproof  building,  in  accordance  with  the  vote  of  the 
Regents  in  1882.  It  would  be  a  good  plan  to  have  casts  made  of 
them,  for  inclusion  in  the  general  collection. 
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Mkssbs.  C.  Dayiks  Shebbobn  and  B.  B.  Woodward  are  issaing 
a  Beries  of  papers  on  the  dates  of  publioation  of  various  French 
Voyages  which  appeared  between  1800  and  1900.  The  papers  will 
be  found  in  the  Annals  and  Mag.  Nat.  Hist,  for  April,  August,  and 
October,  and  contain  many  notes  on  geological  papers  which  have 
heretofore  presented  difficulties  as  to  date. 

Nkw  Fobaminifeba. — R.  J.  Schubert  has  a  paper  on  some  Fora- 
minifera  from  the  Upper  Chalk  of  East  Galicia,  in  the  Jahrb.  k.k. 
geol.  Beichs.,  l  (4),  1901.  The  chief  novelty  is  a  curious  form  to 
which  he  gives  the  name  of  Karreria  eretaeea,  J.  Qrzybowski 
writes  on  the  Foraminifera  of  the  Inoceramus  beds  of  Gk)rlice.  His 
paper  appears  in  the  Bull.  Intemat.  Aa  Sci.  Cracovie  for  April,  1901. 
Two  plates,  chiefly  devoted  to  arenaceous  forms,  are  given. 

Fbom  thb  Bepobt  of  Pbogbsss  of  the  Makohestbb  Museum 
we  gather  that  the  Qeological  Department  has  been  enriched  by 
the  Barnes  Collection  of  Carboniferous  invertebrates,  and  some 
selections  from  the  Jukes-Browne  Collection.  Fossil  plants  have 
received  a  good  deal  of  attention,  the  types  and  figured  specimens 
of  Oolitic  species,  which  were  examined  by  Mr.  Seward,  having 
been  labelled  and  displayed.  Mr.  R.  D.  Darbishire  has  presented 
the  Museum  with  a  specimen  of  the  recent  Fleurotomaria  adansoniana 
from  Barbados,  an  important  and  valuable  acquisition  to  any 
ooUection. 

New  Jebsey  Oeoloqy. — The  annual  report  of  the  State  Geologist 
of  the  Geological  Survey  of  New  Jersey  for  1900  contains  an 
administrative  report ;  Report  on  the  Palasozoic  Formations,  by  Stuart 
Weller,  consisting  of  Hanliston  Quartzite,  Eittatinny  and  Trenton 
Limestones,  and  Hudson  River  Beds ;  Report  on  the  Portland  Cement 
Industry,  by  H.  B.  Eiimmel;  Artesian  Wells  in  New  Jersey,  by 
Lewis  Woolman ;  Mineralogical  Notes,  by  A.  C.  Chester ;  Chlorine 
in  the  Natural  Waters  of  the  State,  by  W.  S.  Myers ;  and  the  Mining 
Industry,  by  H.  B.  Eiimmel. 

PoBTUGUESE  Geolooy. — Paul  Choffat  has  published  in  the  Bull. 
Soo.  Beige  G^L,  zv,  May,  1901,  an  important  paper  on  the 
**  Limite  entre  le  Jurassique  et  le  Cr6tacique  en  Portugal."  From 
a  careful  study  of  the  different  exposures  and  the  fossils  contained 
in  the  beds,  he  comes  to  the  conclusion  that  the  limit  between  the 
two  systems  in  Portugal  must  be  regarded  as  only  a  conventional 
one.  He  finds  that  both  the  fauna  and  flora  show  an  almost 
imperceptible  passage  between  the  two  formations  in  certain  places. 


OOI^I^ESFOITI^EITOJaS. 


FOSSILS  AND    GARNETS. 

Sib, — If  your  correspondent  **  Verbum  Sap."  had  signed  his  own 

name  I  would  have  endeavoured  to  explain  to  him  my  reasons  for 

writing  the  paragraph  which  he  quotes,  though  I  knew  that  the 

''traditions  of  the  elders"  might  be  cited  against  me  by  dealers 
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in  second-hand  soienoe.  As  it  is,  I  content  myself  with  remarking 
that  the  maxim  ''Yerbum  sat  sapienti"  has  only  a  very  limited 
application  in  scientific  matters,  for  there  a  diet  of  words  is  both 
innutritions  and  flatulent  But  as  he  evidently  loves  ''  wise  saws  " 
I  will  add  another  to  his  store,  "  Words  are  the  counters  of  wise 
men  and  the  money  of  fools."  T.  G.  Bonnet. 


INTRUSIVE  IGNEOUS  ROCKS  IN  IRELAND. 

Sir, — With  reference  to  the  interesting  paper  on  "Intrusive, 
Tuff-like,  Igneous  Kocks  and  Breccias  in  Ireland,"  by  Messrs. 
Kilroe  and  M'Henry,  published  in  the  August  number  of  the 
Q.J.G.S.,  it  is  noteworthy  that  there  are  in  the  neighbourhood  of 
Snowdon  several  instances  of  intrusive  rocks  of  so  fragmentary 
and  brecciated  a  character  as  to  resemble  volcanic  agglomerates. 
Such  is  the  case  in  part  with  the  diabase  occurring  in  Cwm  LI  an, 
S.S.E.  from  the  summit  of  Snowdon.  Other  instances  of  this 
character  that  I  have  observed  are  a  small  boss  of  brecciated  diabase 
at  the  base  of  the  felstone  of  Cribiau,  near  Bwlch  Ehediad,  and 
another,  also  of  a  fragmentary  character,  amidst  the  felsitic  rocks  on 
the  south-east  side  of  Llyn  Gwynant.  Somewhat  similar  too  is  the 
greenstone  on  Glyder  Fawr,  which  Ramsay  in  his  memoir  on  North 
Wales  describes  as  a  "  great  vesicular,  rubbly-looking  patch." 

J.  B.  Dakyns. 
Snowdon  View,  Nant  Gwynant,  Beddoblbrt. 
October  10,  1901. 


EBBING  AND  FLOWING  WELLS  AND   SPRINGS. 

Sib, — Some  time  back  you  were  good  enough  to  print  a  com- 
munication from  me  on  the  ebbing  and  flowing  well  between 
Buxton  and  Castleton  in  Derbyshire.  In  the  Illustrazione  Popolare 
of  August  18th  of  this  year  is  a  paper  on  a  phenomenon  of  the 
Lago  di  Garda  of  kindred  character,  of  which  I  submit  a  substantial 
translation. 

"  The  Lago  di  Garda  is  one  of  the  largest  lakes  in  Italy,  admired 
for  the  fertility  of  the  country  that  surrounds  and  for  the  beauty  of 
the  gardens  that  adorn  its  shores.  There  happens  in  these  days 
a  phenomenon  that  impresses  the  surrounding  population;  a  flnz 
of  thirty  centimetres  of  height  every  forty  minutes  is  observed, 
according  to  the  boatmen.  Many  newspaper  readers  wish  to  explain 
it  as  a  result  of  volcanic  action. 

*'  The  phenomenon  may  have  a  volcanic  origin,  since  from  the 
beginning  of  1800  Count  Bettoni,  a  studious  naturalist,  had  to 
verify  in  the  lake  a  species  of  flux  and  reflux,  not  perilous  bat 
irregular  and  inconstant ;  and  not  only  is  it  in  the  Lago  di  Garda 
observed,  but  in  the  lake  of  Greneva  the  water  rises  and  falls  in 
a  notable  manner. 

*'  The  phenomenon  cannot  be  attributed  to  the  action  of  the  sun 
and  moon,  since  the  action  of  these  two  stars  should  produce  a  rise 
and  fall  regularly  as  in  the  level  of  the  sea. 
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"  Some  Boientisis  were  of  opinion  that  the  rise  and  fall  were  the 
resolt  of  wind  action,  but  how  can  the  rise  and  fall  be  explained 
when  there  is  sometimes  not  a  breath  of  wind?  Others  were  of 
opinion  that  the  rise  and  fall  might  be  due  to  unexpected  melting 
of  the  snow,  and  to  the  action  of  electric  clouds,  but  if  so,  why  not 
a  like  action  on  all  other  Italian  lakes  ? 

"  The  most  probable  cause  of  such  uprising,  according  to  the 
hypothesis  of  the  Engineer  Pedrini,  is  found  in  the  gases  which, 
arising  from  the  bed  of  the  lake  and  seeking  a  Tent  pass  across 
the  water,  produce  undulations,  and  sudden  upward  movements  of 
like  nature  to  those  observed  in  the  lake  of  Geneva  by  Lembari. 
In  the  Lago  di  Garda  emanate  continuously  an  infinity  of  gas 
bubbles,  and  thermal  springs  are  observed. 

'*  The  action  of  the  sun  upon  the  Mediterranean  raises  the  water 
only  eighteen  inches,  and  if  this  attraction  on  so  large  a  surface 
is  thus  weak,  the  surface  of  the  Lago  di  Garda  is  too  small 
comparatively  to  be  at  all  affected. 

''  In  the  bay  of  Peschiera,  about  a  hundred  steps  from  Sermione, 
there  are  at  three  different  points  springs  with  an  unpleasant  odour, 
manifesting  the  existence  of  sulphuretted  hydrogen  gas.  Incrustations 
from  thermal  waters  are  to  be  seen  on  the  eastern  side  of  the  lake, 
about  one  mile  distant  from  the  grotto  of  Catullus. 

'*  The  fishermen  take  particular  care  to  extend  their  nets  a  distance 
from  these  springs;  if  they  happen  to  draw  the  nets  over  them, 
they  rot  in  a  short  time."  T.  E.  Emightl£T. 

106,  Cankon  Stbeet,  E.C. 
September  9,  1901. 


OBITTJ.A-I^:Z". 


EDWARD    WALLER    CLAYPOLE. 
BoKN  June  1,   1835.  Died  August  17,  1901. 

Pbofbssob  E.  W.  Claypole,  one  of  the  many  noted  geologists 
of  the  United  States,  was  of  English  extraction,  having  been  born 
at  Boss,  Hereford,  on  1st  June,  1835.  He  was  educated  privately 
and  graduated  at  the  London  University,  taking  his  fi.A.  in  1862 
and  becoming  D.Sc.  in  1888.  In  1871  he  emigrated  to  the  United 
States,  and  in  1873  became  Professor  of  Natural  Science  at  Antioch 
College,  Ohio,  a  post  which  he  held  until  1881.  He  was  Palsson- 
tologist  to  the  "  Second  Geological  Survey  of  Pennsylvania  "  and 
Professor  of  Natural  Science  at  Buchtel  College,  Akron,  Ohio,  from 
1883  to  1898,  when  he  succeeded  Professor  A.  J.  McClatchie  as 
Instructor  of  Biology  (to  which  Geology  was  afterwards  added) 
at  the  Throop  Institute,  Pasadena,  California.  This  office  he 
retained  until  his  sudden  death  from  apoplexy  at  Long  Beach, 
California,  17th  August,  1901.  He  was  a  genial  and  successful 
teacher,  much  beloved  of  his  pupils,  while  his  varied  attainments 
find  reflection  in  the  scope  of  his  numerous  scientific  papers,  although 
geology  holds  the  principal  place. 
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His  more  important  ooatributions  to  scientific  literature  were : — 
On  the  oldest-known  fossil  tree  {Qlyptodendron  JEaianense),  from 
the  Upper  Silurian  of  Eaton  (Gkol.  Mag.,  1878) ;  papers  on  the 
Migration  of  Animals  and  Plants  between  Europe  and  America, 
published  in  1880  and  1881 ;  on  the  disoovery  of  Pteraspidian 
Fish  in  the  Upper  Silurian  of  North  America  (Quart  Joum. 
Geol.  Soc.,  vol.  zli,  1885) ;  The  Lake  Age  in  Ohio  (8yo,  1888) ;  on 
the  Head  of  Din%ehthy$  (Amer.  GeoL,  1892) ;  and  on  the  Cladodont 
Sharks  of  the  Cleveland  Shale  (Amer.  QeoL,  1893).  He  was  alsa 
one  of  the  Editors  of  and  largely  contributed  to  the  Ameriean  Oeologist 
from  its  foundation  in  1888. 

Professor  Claypole  was  elected  a  Fellow  of  the  Geological  Society 
of  London  in  1879,  of  that  in  Edinburgh  in  1887,  and  was  one  of 
the  original  members  of  the  American  Geological  Society  when  it 
was  founded  m  1888. 


:L^ISOEIjIj.A.35rEOTJS. 


Bbaohylbpas  obetaoba. — Since  the  publication  of  my  paper 
(Gbol.  Mag.,  n.s.,  Dec.  IV,  Vol.  VIII,  April,  1901,  p.  146)  on  the 
interesting  find  of  this  new  form  of  Cirriped  from  the  mucranata* 
zone  of  the  White  Chalk  of  Norwich,  I  have  received  from  Dr.  A.  W. 
Bowe,  the  finder,  a  second  specimen.  This  latter  comes  from  the 
mucronata-zonOf  Whitway  pit,  South  Dorset,  and  gives  the  fossil 
an  interesting  geographical  range.  At  present  Brachylepas  cretaeea 
has  not  yet  been  found  outside  the  mueranata-zone,  and  it  is  possible 
that  Dr.  Bowe  has  discovered  yet  another  fossil  of  considerable 
zonal  value. — H.  W. 

Gbologioal  Subvsy  of  Gbeat  Bbitain  and  Ibelanb. — The 
following  geologists  have  been  appointed  to  fill  vacancies  in  the 
Staff  of  the  Geological  Survey,  caused  by  the  retirement  of  Sir  A. 
G^ikie,  Mr.  R.  G.  Symes,  Mr.  J.  Nolan,  Mr.  A.  C.  G.  Cameron,  and 
Mr.  A.  J.  Jukes-Browne,  and  by  the  deaths  of  Mr.  F.  W.  Egan  and 
Mr.  J.  H.  Blake :  Dr.  J.  S.  Flett,  M.A.,  M.B.,  to  take  charge  of 
Petrographical  work;  Mr.  J.  Allen  Howe,  B.Sa,  and  Mr.  H.  H, 
Thomas,  B.A.,  on  the  English  Staff;  Mr.  H.  B.  Muff,  B.A.,  on  the 
Scottish  Staff;  and  Mr.  W.  B.  Wright,  B.A.,  on  the  Irish  Staffl 

A  SIXTH  edition  of  Mr.  Whitaker's  handy  little  "Guide  to  the 
Geology  of  London"  has  just  been  issued  by  the  (Geological  Survey. 
It  has  been  thoroughly  revised  by  the  author  and  many  illustrations 
have  been  added,  including  figures  of  Palasolithic  implements  and 
a  few  characteristic  fossils.  The  first  edition,  published  in  1875^ 
comprised  72  pages ;  the  present  edition  reaches  102  pages.  The 
price  remains  la. 

Ebbatum. — In  the  September  part  of  the  Gbolooical  Maoazinb,  1901  (p.  408), 
the  name  Bradythmiwn  was  employed  for  a  genus  of  large  UngolateB  from  tiie 
Eocene  of  Egypt.  This  name  seems  to  have  been  employed  some  months  earlier  by 
G.  Grandidier  for  a  large  extinct  Edentate  from  Mada^iscar,  and  the  designation  of 
the  Egyptian  genus  is  therefore  amended  to  Barytheriwn  (see  * '  Nature,' '  October  1 0th, 
1901,  p.  677}.— C.  W.  Andbbws. 
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I.  —  Devonian    Fossils    from    Dkvonshire. 
By  the  Eev.  G.  F.  Whidbobnb,  M.A.,  F.G.8.,  V.P.  Pal.  8oc. 

1.  CoBLSNziAN  Fossils  fbom  Lynton. 
(PLATE  XVII.) 

11HE  specimenB  described  below  were  oollected  by  my  friend 
Mr.  J.  Q.  Hamling,  F.G.S.,  and  kindly  placed  by  him  in  my 
bands  for  description.  Being  casts  and  often  mnch  obscured  by 
injury  and  distortion,  their  identification  must  be  in  a  degree 
problematical,  but  for  the  most  part  they  seem  to  agree  with 
German  species  of  the  Upper  Coblenzien  age. 

BSLLBBOPHON,   Sp. 

A  slab  with  several  poor  casts  comes  from  the  *'  Cliff  path,  W.  of 
Woodabay."    They  appear  high  with  rounded  back. 

Ptbbinka  fasoioulata,  Qoldfuss,  sp.     (PI.  XVII,  Figs.  1,  2.) 

1834-40.    FUrin^a  fascieulata,  Goldfnss:  Petref.  Germ.,  vol.  ii,  p.  137,  pi.  cxnx, 

fig.  5. 
1853.  ,,  „         Sandberger:  Vent.  Bhein.  Nassau,  p.  293,  pi.  xxx, 

fig.  7. 
1885.  „  ,,         Follman:  Devon  AyiculacesB,  p.  187,  pi.  iii,  fig.  3. 

1889.  „  „         Kayser  :  Abh.  k.p.  Geol.  Landes.,  n.b.,  pt  i,  p.  20, 

pL  vii,  fig.  11. 
1891.  „  „         Freeh :  Abb.  Ctool.  Specialk.  Prenss.,  Tol.  iz,  pt.  3, 

p.  84,  pi.  viii,  fig.  1 ;  pi.  ix,  fig.  1. 

Left  valve  convex,  somewhat  produced  at  the  postero-inferior 
margb.  Front  wing  large,  rounded,  not  truncated  in  front  Hind 
wing  large,  long,  rather  narrow,  sigmoid  behind.  Surface  having 
on  we  b^y  six  or  seven  strong,  high,  nodulate,  dbtant  ribs,  with  flat 
interspaces  each  of  which  bears  five  or  six  minute  irregular  minor 
ribs ;  on  the  front  wing,  three  or  four  closer  and  more  confluent 
ribs ;  and  on  the  hind  wing,  ten  or  twelve  small  dose  ribs ;  the 
whole  being  crossed  by  very  numerous,  minute,  regular,  crenulated 
growth-lines.  Hinge  with  four  strong,  irregularly  horizontal  teeth 
in  front  of  the  umbo,  below  which  is  a  small  deep  muscle-mark. 
Hind  teeth  unseen  in  English  specimens. 
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Size :  length  45  mm.,  height  30  mm. 

Eight  speoimens  from  **  Woodabay,  above  Pier/*  **  Quarry  in  road 
above  Crook  Point,  Woodabay,"  and  "  Gutting  under  Railway  N.  of 
Barhriok  Mill,  Lynton." 

Upper  (and  Lower)  Cobleuzien. 

AOTINOPTEBIA,   Sp. 

From  the  "  East  side  of  Lee  Bay,  Lynton,"  are  two  very 
fragmentary  specimens  of  an  oblique  Avictda,  with  rather  fine 
alternating  strise  (in  one  finer  than  in  the  other).  They  are 
exceedingly  like  some  of  the  Actinopterics  from  the  Barton  Beds 
and  from  the  Upper  Devonicm  of  (Germany,  but  they  do  not  admit 
of  identification. 

MoDiOMORPHA  LAMELLOSA,  Saudbergcr,  sp.    (PL  XVII,  Figs.  3, 4.) 

1895.    Modiomorpha  lamsUosa,  Beoshaufien :  Abh.  k.p.  Geol.  Luides.,  N.8.,  pt.  xTii, 
p.  18,  pi.  i,  figs.  19-21. 

Cast  very  oblique,  transverse,  almond-shaped,  obliquely  depressed 
down  the  centre.  Umbo  situate  at  about  the  anterior  fifth  of  the 
length.  Anterior  end  narrow,  rounded.  Anterior  muscle-mark 
large,  prominent,  terminal.  An  oblique  triangular  tooth  under  the 
umbo  of  the  right  valve,  and  two  or  three  long  transverse  striations 
on  the  arching  hinge-line  behind. 

Size  :  about  60  mm.  long  and  30  mm.  high. 

There  are  six  specimens  from  the  ''East  side  of  Lee  Bay, 
Lynton."  They  seem  chiefly  to  differ  from  Sandberger's  and 
Beushausen's  figures  in  being  rather  narrower  and  more  produced 
at  the  anterior  end,  and  are  probably  no  more  than  a  variety. 
The  internal  arrangements  agree  exactly  with  Kayser's  figure  of 
Modijomorpha  hiUteinsnsis,  Beushausen  (Jahrb.  k.p.  Geol.  Landea. 
fiir  1894,  p.  127,  pi.  iii,  figs.  4-6),  a  much  shorter  and  more  oval 
species. 

Upper  Coblenzien. 

NuouLA  LoDANBNSis,  Bcushauseu.     (PL  XVII,  Fig.  5.) 

1 895.    Nucula  LodanenM,  Beiuliaasen :  Abh.  k.p.  Geol.  Landes. ,  ir. 8. ,  pt.  xni,  p.  48, 
pi.  iv,  figs.  6,  7;  14? 

From  the  "Cutting  under  Railway  N.  of  Barhriok  Hill,  Lynton," 
is  the  cast  of  a  Nueula,  which  appears  almost  exactly  to  agree  with 
Beushausen's  species.  Our  figure  does  not  give  a  veiy  clear  idea 
of  its  real  shape,  the  back  of  the  cast  having  been  sheared  o£P, 
and  thus  lessening  its  apparent  height  It  was  evidently  thick- 
shelled  and  deep ;  there  are  signs  of  a  few  strong  teeth ;  its  umbo 
is  somewhat  to  the  rear,  and  bends  slightly  forward;  its  posterior 
end  is  rounded,  its  anterior  end  narrow  and  subangular,  and  its 
lower  margin  decidedly  curved ;  its  posterior  muscle-mark  is  large 
and  faint,  and  its  anterior  deep  and  occupying  the  upper  half  of  the 
anterior  end. 

Size :  14  mm.  long,  9  mm.  high. 

This  shell  is  larger  and  rounder  than  N.  KraehUs,  F.  A.  Bdmer,  to 
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which  M'Coy  appears  to  have  referred  it,  and  very  muoh  smaller 
than  Lima  NeptwUf  Giebel,  which  is  referred  to  Nuctda  by  Eayser. 
Upper  Coblenzien. 

Panbnka  biqida,  F.  a.  Bomer,  sp. 

1866.     Cardium  rigidumt  F.  A.  B5mer :  Betr.  Harzgeb.,  pt.  v,  p.  10»  pi.  iii,  fig.  1. 
1879.     Cardiola  ?  rigida^  Kavser  :    Abh.  Cheol.  Speoialk.  Preuss.,  vol.  vi,  pt  1, 
p.  122,  pi.  xviii,  figs.  2,  3. 

A  specimen  from  "  Heddon's  Mouth  (new  road) "  evidently  belongs 
to  this  magnificent  species.  It  is  a  blurred  cast  in  bluish  micaceous 
schistose  grit,  retaining  the  surface-ornament  round  the  margins  and 
showing  the  inner  line  of  the  shell  beneath  the  umbo.  Its  size  and 
marginal  contour  exactly  agree  with  the  German  figures.  Its  ribs, 
while  slightly  more  numerous  than  those  of  the  figured  specimens, 
are  no  more  than  the  number  mentioned  in  Kayser's  description. 

Size :  80  mm.  long,  67  mm.  high. 

Unter  Wieder  Schiefer  (below  Haupt  Quarzit). 

Spibifeba  Dalbidensis,  Steininger.     (PL  XVII,  Fig.  6.) 

1840.     Spirifera  aperturata,  Phillips:  Pal.  Foss.,  p.  77,  pi.  ixx,  fig.  133. 
1864.  „        canali/era,  Davidson :  Brit.  Foss.  Brach.,  vol.  iii,  p.  26. 

1889.  „        Daleidensis,  Eayser:    Abh.  k.p.  6eol.   Landes.,    N.8.,    vol.    i, 

pp.  27,  84,  pi.  i,  figs.  6,  6  ;  pi.  x,  fig.  11. 

A  dorsal  valve  from  "East  side  of  Lee  Bay,  Lynton,"  appears 
to  agree  with  the  species  defined  by  Eayser,  though  it  is  so  crushed 
and  defective  that  little  of  its  character  remains.  It  seems  to  have 
been  somewhat  wider  than  long,  with  a  strong  elevated  fold  having 
at  least  three  ribs,  which  perhaps  divaricate  in  front  in  the  manner 
of  that  species,  and  with  nine  strong  ribs  on  each  wing. 

This  is  no  doubt  the  same  as  Phillips'  shell,  for  which  Davidson 
had  found  a  still  earlier  name  than  Schlotheim's,  but  which  Eayser 
(1878,  Abh.  GeoL  Specialk.  Preuss.,  vol.  ii,  pt.  4,  p.  174,  note) 
considered  more  probably  to  belong  to  8,  Daleidensis  than  to  the 
species  to  which  Phillips  had  referred  it.  Phillips'  figure  shows 
four  ribs  on  the  fold. 

Upper  Coblenzien. 

Spibifbba  pabadoxa,  Schlotheim,  sp.     (PI.  XVII,  Fig.  7.) 

1863.    Spirifsr  paradoxut,  Schnar  :  Falseontogr.,  vol.  iii,  d.  198,  pi.  xxziid,  fig.  1. 
1889.  ,,  ,,         K&jser:  Abh.  k.p.  Geol.  Landes.,  N.8.,  vol.  i,  p.  28, 

pi.  ii,  figs.  6,  7. 

Nine  specimens  from  "Quarry  on  road  above  Crock  Point, 
Woodabay,"  appear  to  belong  to  an  extremely  transverse  variety 
of  this  species,  being  more  like  those  quoted  above  than  are  most 
of  the  numerous  figures  given  of  it  by  various  authors.  The  central 
fold  is  large  and  probably  prominent,  the  flatness  seen  in  our 
figured  specimen  having  been  most  likely  caused  by  pressure.  The 
lateral  ribs  are  small,  visible  almost  to  the  angles,  and  almost 
50  in  number.  The  wings  appear  to  be  acute  and  alate  at  their 
extremities. 

Size  :  about  15  mm.  long  and  75  mm.  wide. 

Upper  Coblenzien. 
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O&THOTETES  HippoNTx,  SohnoT,  sp.     (PL  XVII,  Pig.  8.) 

1878.    Streptorhynehui  Devonicus,  Kayser:  Abh.  Geol.  Specialk.  PreiUB.,  vol.  ii, 

pt.  4,  p.  199,  pi.  xxix,  figs.  3,  4. 
1897.     OrthoUtea  hipponyXy  (Ehlert :  Bull.  Soc.  G^l.  Fr.,  ser.  m,  vol.  xxIt,  p.  856, 

pi.  xxvii,  figs.  9-11. 

Namerous  speoimenB  of  a  shell  akin  to  0.  nmbraevXum  oome  from 
the  "  Cutting  under  Bailway  N.  of  Barhrick  Mill,  Lynton."  They 
appear  to  belong  to  a  widespread  Lower  Devonian  species,  to  whid^ 
(Ehlert,  rejecting  D'Orbigny's  name  Devonieas,  has  applied  the  one 
which  Schnur  had  first  adopted,  but  afterwards  dropped  upon  wrongly 
identifying  his  shell  with  Yanuxem's. 

(Ehlert  gives  various  distinguishing  characters  which,  even  in  the 
imperfect  condition  of  our  shells,  seem  to  hold  good,  except  that  ours 
are  not  of  so  large  a  size.  Our  shells  are  remarkable  for  the  very 
great  size  and  irregularity  of  the  hinge-area  of  the  ventral  valve. 
This  sometimes  appears  triangular  in  shape  and  higher  than  its 
length,  and  sometimes  irregular  in  shape  but  still  high.  The  rest 
of  the  shell  seems  little  affected  by  this  contortion  of  the  umbo. 
The  hinge-line,  though  sometimes  auriculate,  is  not  generally  equal 
to  the  greatest  wid&  of  the  valve.  It  seems  also  to  differ  from 
0.  uiaihraculwn  by  being  more  circular,  by  the  method  of  increase  of 
its  ribs,  by  not  being  roughened  by  the  existence  of  dense  transverse 
striations,  and  by  other  particulars. 

It  is  rather  curious  that  this  irregular  shape  and  great  size  of  the 
hinge-area  should  be  so  pronounced  in  a  Lower  Devonian  form, 
when  it  does  not  appear  in  higher  Devonian  zones,  but  becomes 
again  exceedingly  noticeable  in  Carboniferous  varieties  of  0.  creniBtria, 
as  witness  Davidson's  plates. 

Our  figure,  unfortunately,  does  not  show  the  distinguishing 
diaracters  of  the  shell,  which  I  did  not  realize  until  after  it  had 
been  drawn. 

Ooblenzien. 

Obthis  LONaisuLOATA,  PhiUips.     (PI.  XVn,  Fig.  9.) 
1840.     0rth%9  longinUcata,  Phillips:  Pal.  Foss.,  p.  62,  pi.  irn,  fig.  106. 

From  the  "  Cutting  under  Bailway  N.  of  Barhrick  Mill,  Lynton," 
and  '*  Woodabay,  above  Pier,"  are  several  specimens  of  a  rather  large 
Orthis,  It  has  a  transversely  oval  form,  rather  elevated  umbo  and 
short  hinge-line,  and  is  covered  with  very  fine  divaricating  strisd, 
which  arch  outwards  on  the  shoulders.    Its  muscular  area  is  large. 

This  appears  to  be  the  species  described  by  Phillips,  though  his 
drawing  is  rather  smaller.  It  was  doubtfully  united  by  Davidson  to 
0.  arcuata,  Ph.,  from  Hope's  Nose,  from  which,  I  think,  it  is  really 
quite  distinct  It  bears  much  resemblance  to  the  shell  figured  by 
Eayser  and  (Ehlert  as  Orthis  palliata,  Barrande,  but  our  shells 
present  no  evidence  of  a  double  hinge-line. 

Phyllopoba  aspkra,  Ulrich  ? 
1890.    Phyllopora  aspera,  Ulrich :  Geol.  Surr.  lUin.,  vol.  viii,  p.  613,  pi.  xliv,  fig.  5. 
Specimens  from  the  "Bead  Section  above  Waterameet"  and  the 
"Quarry  in  road  above  Crook  Point,  Woodabay,"  show  little  to 
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separate  them  from  this  American  species.    Possibly  the  fenestrules 
may  be  arranged  in  rather  more  regular  lines  and  in  some  parts  the 
cells  may  be  rather  more  numerous,  but  this  seems  only  accidental. 
Upper  Helderberg  Beds. 

FSNESTELLA,   Sp. 

Several  fragmentary  specimens  come  from  the  "  Quarry  in  road 
above  Orock  Point,  Woodabay,"  but  they  are  quite  unrecognizable. 

2.    Lower  Devonian  Fossils  vbom  Tobquay. 
(PLATE  XVIII.) 

It  is  not  often  that  a  Museum  can  supply  its  shelves  with 
specimens  dug  from  its  actual  site.  Such,  however,  was  the 
case  with  the  Torquay  Natural  History  Society,  when,  in  digging 
the  foundation  of  the  *'  Pengelly  Memorial "  Hcdl,  which  it  added  to 
its  Museum  in  1894,  a  rich  fossiliferous  bed,  4  feet  thick,  was  found 
in  the  soft  slates  on  which  that  building  stands.  Hundreds  of 
fossils  were  carefully  collected  from  it  by  the  Curator,  the  late 
Mr.  Else,  and  by  the  kindness  of  the  Society  I  have  been  permitted 
to  attempt  their  description  below.  The  fossils  are  entirely  moulds 
or  casts,  and  have  suffered  very  greatly  from  squeezing  and 
distortion,  but  in  some  cases  minute  structure  is  beautifully 
preserved.  It  will  be  seen  that  they  may  on  the  whole  be  referred 
to  the  Upper  Goblenzien,  or  to  a  slightly  higher  horizon.  The 
richness  of  the  band  is  in  striking  contrast  to  the  general  barrenness 
of  the  adjoining  strata. 

Mr.  A.  Somervail,  F.Q.S.,  Secretary  to  the  Society,  thus  writes 
of  the  position  of  the  slates  : — "  A  slight  examination  of  the  structure 
of  the  Torwood  Valley  would  at  once  reveal  the  relations  of  the 
slates  to  the  adjoining  rocks.  The  valley  runs  in  a  nearly  E.N.E. 
and  W.S.W.  direction,  lying  between  the  long  ridges  of  the 
Lincombe  and  Warberry  Hills.  The  valley  at  its  commencement 
on  its  S.W.  side  traverses  limestones,  and  a  little  in  its  N.E. 
course  the  slates  at  the  Museum,  which  pass  below  the  limestones. 
Still  further  on  in  the  same  direction  another  series  of  slates  and 
grits,  forming  the  Lincombe  and  Warberry  ridges,  in  their  turn 
pass  below  the  slates  exposed  at  the  Museum ;  so  that,  as  we  ascend 
the  Torwood  Valley  from  the  Strand,  we  walk  over  rocks  in 
a  descending  sequence,  the  highest  being  the  limestones,  the 
lowest  the  Lincombe  and  Warl^rry  grits,  the  fossiliferous  slates 
at  the  Museum  holding  an  intermediate  position." 

Phaoops  SoHLOTHsmi,  Bronn,  sp.  ? 

1825.     Calymene  Sehlotheimi,  Bronn :  Leonhard's  Zeitsch.,  pt.  i,  p.  319,  pi.  ii, 
figs.  6-8. 


1876.    Phaecps  latifrom,  F.  Bomer  :  Leth.  PalsBoz.,  pt.  i,  pi.  xxxi,  fig.  2. 
1884.  „        Sehlotheimiy  Eayser :  Jahrb.  k^.  Geol.  Landes.,  1883,  p.  35. 

1897.         „  „  Eayser :  Zeitsch.  Dentsob.  Geol.  Gesell.,  p.  285. 


The  head  of  a  small  trilobite  occurs,  which  is  too  much  covered 
with  matrix  for  certain  identification.  What  can  be  seen  of  it, 
however,  points  to  its  belonging  to  the  small  common  form  from 
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the  Eifel,  which  Broun,  and  afterwards  independently  Eayser, 
separated  from  Ph,  lati/rons.  The  eyes  are  large  and  level  with  the 
top  of  the  glabella,  which  overhangs  the  strong  marginal  rim  of  the 
front  There  are  eight  lenses  in  the  vertical  rows  of  the  eye. 
Though  it  is  a  cast,  indications  remain  that  the  glabella  was  as 
roughly  tuberculate  as  in  Bomer's  figure,  which  Kayser  refers  to 
this  species. 

Calceola-schists  and  Eifelkalk. 

Obthooebas,  sp. 

The  oast,  probably,  but  not  certainly,  of  a  body-chamber,  shows 
a  central  siphuncular  opening.  It  is  widely  oval  in  section,  but  has 
been  somewhat  squeezed.  It  might  possibly  belong  to  0.  eUtpHcum, 
Miinster. 

Obthockbas  hebcynioum,  Eayser? 

1879.     OrthoeeroB  hercynieum,  Eayser:  Abh.  Greol.  Specialk.  Preuss.,  vol.  ii,  pt.  4, 
p.  72,  pi.  X,  figs.  7,  8,  11. 

Another  cast  appears  to  approach,  or  to  belong  to,  this  species. 
Its  section  is  oval,  with  diameters  of  21  mm.  and  18  mm.,  and  the 
siphunde  is  situated  on  the  longer  diameter,  nearly  half-way  from 
the  centre.  The  chambers  are  about  four  times  as  wide  as  high, 
and  are  very  obliquely  placed. 

Haupt  Quarzit 

Oapulus  pbisous,  Goldfuss?     (PI.  XVIII,  Pig.  1.) 

?  1878.     Capului prUeuSj  Kayser :  Abh.  Geol.  Specialk.  Preuss.,  vol.  ii,  pt.  4,  p.  94, 
pi.  xyi,  fig.  5 ;  pi.  xx,  figs.  11,  14,  15. 

A  flattened  cast  may  perhaps  belong  to  Goldfuss's  species,  but 
it  does  not  retain  sufficient  character  to  admit  of  certainty.  All  that 
can  be  said  is  that  what  remains  of  the  fossil  agrees  with  it,  and 
that  the  curvature  of  the  apex  and  the  rate  of  increase  of  the  whorl 
are  the  same.  A  few  spots  on  the  cast  may  perhaps  indicate 
the  tubercles  of  that  shell ;  but  they  are  far  too  indistinct  to  be 
relied  on,  and  may  be  entirely  accidental  marks. 

Upper  Coblenzien  and  Eifelkalk, 

CoNooABDiUM  cf.  ouNEiTUM,  F.  A.  Romcr,  sp. 

f  1895.    Conoeardiwn  euneatum,  Beushausen  :  Abb.  k.p.  Geol.  Landes.,  N.8.,  pt.  xrii, 
p.  407,  pi.  XXX,  figs.  9-13. 

A  large  species  of  Conoeardium  is  represented  by  a  specimen 
crushed  almost  beyond  recognition.  It  measured  about  18  mm. 
across  the  valves,  and  its  plaits  were  strong,  squared,  and  close-set 
It  appears  not  to  have  had  any  flattened  central  region.  What 
is  seen  of  it  suggests  that  it  might  be  a  small  specimen  of  Bdmer's 
shell,  which,  however,  often  reaches  much  larger  dimensions. 

Passage  beds  of  Lower  Devonian  to  Calceola-schists. 

Athybis  oonobntbioa,  von  Buch,  sp.     (PI.  XVIII,  Fig.  6.) 

1895.    Athyrit  eoneentrica,  Kayser:   Ann.  Soc.  G4oI.  Belg.,  toI.  xxii,   p.  207, 
pi.  iii,  figs.  7,  8  P,  9  P 
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A  few  rather  small  and  obscure  speoimens  are  referable  to  this 
species.  The  fold,  though  pronounced,  seems  similar  in  character 
to  Davidson's  figures  from  Hope's  Nose,  and  is  not  subangular 
as  in  u^.  undata,  Defr.  A  mould  of  the  closed  valves  shows  the 
characteristic  strong  concentric  ridges. 

Coblenzien  of  Belgium,  but  not  in  the  Bhenish  Lower  Devonian 
(Kayser). 

Spibifbba  oubvata,  Schlotheim,  sp.     (PI.  XVIII,  Figs.  2,  3,  3a.) 
1863.    Spirifer  eurvahts,  Schnur :  Palsdontogr.,  voLiil,  p.  208,  pi.  zxxri,  figs.  3a,  b. 

Several  specimens  of  a  very  large  Spirtfer  occur,  but  all  in 
a  fragmentary  and  distorted  condition.  They  are  apparently  a  good 
deal  wider  than  long,  and  are  entirely  without  ribs.  The  fold 
is  elevated,  rounded,  and  very  much  produced  in  front;  and  the 
sinus  is  deep  from  near  the  umbo,  and  forms  a  very  long  tongue- 
shaped  projection  in  the  front  of  the  ventral  valve.  Some  specimens 
(Fig.  3a)  preserve  the  surface-ornament,  and  show  it  to  consist  of 
fine,  regular,  concentric,  elevated  lines,  bearing  minute  punotations, 
which  are  the  endings  of  still  more  minute,  discontinuous,  radiating 
lineations. 

These  shells  seem  to  be  like  Schnur's  figure  quoted  above  and 
Davidson's  from  Hope's  Nose,  though  probably  they  were  wider. 
I  am  not  inclined  to  follow  Beushausen  in  regarding  the  very 
variable  form  of  the  Lummaton  Beds  as  more  than  a  variety  of 
this  species. 

Upper  Coblenzien  and  higher  beds. 

Spibifeba  pbim^va,  Steininger. 

1895.     Spirifer  primmvm^  B4olard :  Boll.  Soc.  Belg.  Geol.,  toI.  ix,  p.  137,  pi.  xi, 
figs,  i-vii,  1-12. 

Several  rather  small  casts  and  moulds  appear  to  belong  to  this 
species,  exactly  resembling  8.  Beaujeani,  B^clard,  which  that 
author  afterwards  merged  into  Steininger's  shell.  They  are  a  good 
deal  wider  than  long,  with  rather  rounded  cardinal  angles,  a  very 
deep  sinus,  and  (in  the  smallest  specimen)  five  strong  rounded  ribs 
on  the  wing.  The  surface  is  covered  by  very  strong  dose-set 
oonoentric  ridges,  becoming  coarser  in  front,  and  united  by  strong 
radiating  lines.     One  specimen  is  50  mm.  wide. 

Throughout  Lower  Devonian  of  Europe. 

Atbypa  bbtioulabis,  Linn6,  sp. 

This  shell  seems  rare,  being  represented  by  a  single  mould. 
Upper  Coblenzien  and  higher  beds. 

Pentamsbus  galbatus,  Dalman,  sp.  (PI.  XVIII,  Figs.  4,  6.) 
1863.  Fmtamerus  ffaleatut,  Schnnr :  Palaoontogr.,  toI.  iii,  p.  196,  pi.  xzix,  fig.  2. 
Oast  large,  globose.  Umbo  large,  much  recurved.  Area  wide, 
undefined  latendly.  Dorsal  valve  smaller  than  the  ventral  and  with 
a  deep,  flattened,  receding  sinus,  a  corresponding  fold  being  on  the 
ventral  valve.     Shell  covered  with  strong  ribs,  reaching  nearly 
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to  the  umbo ;  from  three  to  five  being  on  the  fold  and  five  or  six  on 
each  side. 

Size:  A  specimen  that  has  hardly  been  distorted  is  40mm.  in 
length  and  width,  and  20  mm.  in  depth.  A  flattened  specimen  is 
nearly  50  mm.  long. 

This  species  is  the  prevailing  shell  of  the  localiiy.  Very  large 
numbers  of  specimens  have  been  found,  but  always  in  the  condition 
of  casts. 

From  Silurian  to  Middle  Devonian  (Eayser). 

Obthis  hybtebita,  Gmelin. 

1853.     Orthit  Beaunumti,  Schnur :  PalflBontofir.,  vol.  ui,  p.  215,  pi.  zxzrii,  fig.  9. 
1889.         „    vuharius,  Barrois :  Ann.  Sci.  &6ol.  Nord,  vol.  iii,  p.  72. 
1889.         „    hytterita,  Kayser :  Abh.  k.p.  Geol.  LandM.,  K.8.,  pt.  i,  p.  53,  pL  t, 
figs.  1,  7-9. 

Some  casts  of  the  double  valves,  showing  the  internal  arrange- 
ments, appear  to  agree  exactly  with  the  shell  by  Schnur  referred  to 
0.  Beaumontiy  De  Yem.,  and  bv  Qosselet  and  Barrois  to  0.  vulvariuB, 
Schlot ;  the  latter  remarking  that  it  is  distinguished  from  O^BtriaMda^ 
Schlot.,  by  its  long  and  stronger  muscular  impressions.  Other 
larger  casts  of  single  valves  equally  correspond  to  Kayser's  figures 
of  the  same  shell,  for  which,  following  Quenstedt,  he  adopts  a  still 
earlier  name. 

The  shape  of  these  fossils  is  a  transverse  oval,  the  dorsal  valve 
is  deeply  convex,  the  ventral  valve  is  concave  laterally  and  has 
a  broadly  arched  sinus.  The  valves  meet  in  a  deep  sweeping  curve 
in  front.  The  muscular  area  reaches  rather  more  than  half-way 
forwards  in  the  smaller  examples,  and  less  than  half-way  in  the 
larger.    Only  marginal  traces  of  the  very  fine  ribs  remain. 

Size :  about  80  mm.  long  by  45  mm.  wide. 

Throughout  the  Lower  Devonian  of  Germany. 

Obthis,  sp.     (PI.  XVIII,  Figs.  10a,  5.) 

Oast  longer  than  broad,  tumid.  Dorsal  valve  very  convex, 
larger  than  the  other.  Ventral  valve  apparently  nearly  flat,  with 
a  wide  shallow  sinus  in  front  and  reflexed  sides,  and  massive  near 
the  umbo  with  a  wide  oblique  hinge-area.  Hinge-line  as  long  as 
the  width  of  the  shelL  Cardinal  angles  gently  rounded.  Valves 
meeting  in  front  in  a  sweeping  curve.  Muscular  impressions 
extremely  large  and  strong,  reaching  very  nearly  to  the  front  margin 
of  the  shell  in  both  valves.  Surface  covered  with  very  numerous 
small  rounded  strisB,  which  seem  to  divaricate  close  to  Uie  maigins. 
Shell-structure  thick. 

Size :  about  20  mm.  long,  15  mm.  wide,  and  11  mm.  deep. 

There  is  a  cast  of  the  closed  valves  and  an  exterior  of  the  dorsal 
valve,  which  retains  the  surface  though  much  decayed.  These 
specimens,  together,  show  a  good  deal  of  the  character  of  the 
species,  which  seems  to  me  very  distinctive.  Internally,  it  appears 
veiy  like  0.  Monnieri,  Boualt,  from  the  Lower  Devonian,  but  it 
difTers  from  it  in  shape  and  in  the  size  of  the  hinge-area.  I  have 
seen  very  similar  specimens  from  the  Lower  Devonian  of  Oomwall. 
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Obthot£TSS  umbbaoulum,  Sohlotheim,  sp.     (PI.  XVHI, 
Figs.  7,  7a.) 

1865.    Streptorhynehus  umbraeulum,  Dayidson:  Brit.  Foss.  Brach.,  vol.  iii,  p.  76, 
pi.  XTi,  fig.  6  ;  pi.  xviii,  figs.  1-6. 

A  few  moulds  of  this  species  ocoar,  whioh  are  interesting  from 
their  having  well  preserved  the  minute  surface-ornament,  which  has 
been  described  by  Davidson,  but  is  rarely,  if  ever,  fully  seen  in 
the  numerous  specimens  from  Lummaton  and  other  higher  beds. 
A  wax-cast  shows  this  to  consist  of  very  numerous  and  regular 
"  scale-like  projections  on  the  striaa,"  which  are  not  only  connected 
in  the  interspaces  by  the  corresponding  growth-lines,  but  by  a  still 
finer  superficial  series  of  elevated  microscopic  lineations,  slightly 
irregular  and  arching,  and  at  the  rate  of  about  five  to  each  growth- 
line.  This  finer  ornament  is  so  minute  that  it  can  only  be  seen 
by  a  strong  lens,  but  it  is  extremely  beautiful. 

Lower  and  Upper  Cobleazien  and  higher  beds. 

Stbophomena  bhomboidalis,  Wilckens. 

This  species  is  represented  by  a  fine  cast  of  the  closed  valves  and 
by  an  interior  of  the  lower  valve.  The  former  appears  to  have 
been  a  very  deep  shell,  and  shows  much  detail ;  its  charaotenstic 
ornament  can  be  discerned  on  the  covering  mould. 

Upper  Goblenzien  and  higher  beds. 

Stbophbodonta  t^niolata,  Sandberger,  sp.     (PI.  XVIII, 
Figs.  8,  8a,  86,  9,  9a,  96.) 

?  1842.     Orihis  Sedgwiekiit  D'Arch.  &  De  Vem. :  Geol.  Trans.,  ser.  n,  vol.  vi, 
p.  371,  pi.  xxxri,  fig.  1. 
1853.    Sirophomena    taniolata,    Sandberger:    Yerst.   Rhein.    Nassau,   p.  360, 
pi.  xxxiv,  fig.  11. 

Shell  apparently  convex,  somewhat  deflexed  in  front,  and  about 
as  long  as  wide.  Hinge-area  narrow,  as  long  as  the  width  of  the 
shell,  bearing  numerous  strong  dentations.  Ornament  consisting 
of  multitudinous,  fine,  straight,  regular  striae,  divided  into  groups 
of  five  or  six  by  somewhat  stronger  ribs,  half  of  which  only  reach 
half-way  to  the  umbo. 

Size  :  about  20  mm.  long  by  25  mm.  wide. 

This  species  is  not  very  rare  in  these  beds,  but  the  specimens  are 
very  much  squeezed  and  fragmentary,  probably  from  its  being 
a  delicate  shell.     Its  ornamentation  was  evidently  very  beautiful. 

It  appears  exactly  to  agree  with  the  shell  figured  by  Sandberger, 
who  quotes  0.  Sedgwickii  as  a  synonym.  If  that  be  so,  of  course 
this  latter  name  would  have  priority ;  but  I  am  by  no  means  sure 
of  its  identity  with  that  shell,  whether  as  described  by  De  Yemeuil 
or  by  Schnur,  and  am  more  inclined  to  believe  it  to  be  the  species 
attributed  by  Schnur  and  by  Barrois  to  L^iana  inter$triali$,  Phillips, 
whioh  itself  is  certainly  distinct  from  it. 

Spiriferen-sandstein  of  Daleiden  (Sandberger). 

Fensstslla  Tobwoodsnsis,  n.8p. 

Some  specimens,  apparently  of  a  frondose  habit,  have  been  found. 
Their  branches  are  slight  (being  much  narrower  than  the  fenestrules), 
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appear  to  divaricate  about  once  to  seven  or  eight  fenestmles,  and 
bear  a  very  much  elevated,  blade-like  keel  within.  The  fenestrulea 
are  long  flattened  ovals,  about  6  to  10  mm.  in  length  and  13  to 
10  mm.  across.    There  are  four  or  five  oells  to  a  fenestrule. 

This  probably  belongs  to  the  species  figured  by  Phillips  as 
F.  antiqua,  var.  a,  from  Lynton ;  but  it  also  comes  extremely  dose 
to  the  Hope's  Nose  fossil,  which  I  have  referred  to  his  F.  arthritiea, 
differing  from  it  in  probably  branching  more  rapidly  and  in 
certainly  having  the  cell-months  and  keel  on  the  outside  face. 

Hallia  quadbipabtita,  Freeh. 

1886.     ffaUia  qmdripartita,  Freeh:    PalsBont.  Abhandl.,  vol.  iii,  pt.  3,  p.  83, 
pi.  Tiii,  figs.  20,  21. 

Simple,  oomute,  oval  in  section;  axis  excentric.  Gup  deep. 
Major  septa  28.  Septal  fossula  deep,  extending  to  centre  and 
containing  the  principal  septum,  which  does  not  reach  the  centre. 
Opposed  and  lateral  septa  reaching  centre.  Septa  of  each  principal 
quadrant  5,  pinnate  against  the  septal  fossula ;  and  those  of  each 
opposed  quadrant  7,  pinnate  against  its  lateral  septum.  Minor 
septa  28,  long. 

Size :  about  23  mm.  wide. 

There  is  one  specimen  from  this  locality,  but  the  above  description 
has  been  completed  from  an  example  from  near  ''  Walls  Hill," 
which  is  in  better  preservation  and  contains  forty-six  septa.  It 
seems  perfectly  to  correspond  with  Freeh's  Qerman  species. 

Lower  ?  Stringocephalua  Beds  of  Gerolstein. 

Amplsxus,  sp. 

Conical.  Cup  very  deep  (about  25  mm.  deep  by  26  mm,  wide), 
flattened  at  the  base.  Major  septa  28,  reaching  half-way  to  the 
centre.  Minor  septa  rudimentary.  Tabulsa  (as  seen  at  the  base  of 
the  cup)  irregularly  flat,  extending  to  the  sides,  and  marginally 
deflexed.  Septal  fossula  very  deep,  marginal,  not  extending  half- 
way to  the  centre,  and  containing  a  short  septum,  while  the  adjoining 
septa  arch  round  its  sides.     No  dissepiments. 

The  specimen,  being  only  the  distorted  cast  of  the  cup,  is  not  easy 
to  decipher,  but  belongs,  I  think,  clearly  to  this  genus.  As  far 
as  can  be  seen,  it  approaches  somewhat  nearly  to  the  Carboniferous 
A,  comU'hovis,  Edwards  &  Haime. 

Metbiophtllum  Elbu,  n.8p. 

Small,  apparently  elongate,  sub-conical,  about  10  mm.  wide. 
Major  septa  16,  reaching  to  the  centre,  where  they  are  slightly 
deflexed.  Minor  septa  16,  long.  Signs  of  a  large  pseudo-columella» 
which  appears  to  be  formed  by  the  invagination  of  the  centre  of  the 
arching  tabulss. 

This  form  seems  the  commonest  true  coral  of  the  zone,  though 
rather  rare.  It  is  so  similar  in  style  and  structure  to  MetriophyUtm 
gracile,  Schliiter,  that  it  is  doubtless  congeneric;  but  it  dififera 
from  it  specifically  in  the  central  twisting  of  the  septa,  the  probably 
looser  structure  of  the  columella,  and  other  points. 
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Cladoohonus  of.  SoHLTTTBBi,  Holzapfcl.     (PI.  XVIII.  Fig.  11.) 

Cf.  1896.     Cladoehonus  Sehluteri,  Holzapfel :  Abh.  k.p.  G«ol.  Landes.,  n.s.,  pt.  xyi, 
p.  306,  pi.  xii,  figs.  1,  2,  4,  6,  7. 

Two  specimens  of  Cladoehonus  come  very  near  to  Holzapfel's 
species,  which  Schliiter  had  before  referred  to  CI,  altemans, 
P.  A.  Bomer,  sp.  They  diflfer  from  each  other  considerably  in 
size,  suggesting  that  our  species  was  very  variable.  Nor  do  they 
agree  very  well  with  Holzapfers  coral  as  against  Bomer's;  for, 
while  they  have  the  habit  of  the  former,  they  are  more  like  the 
latter  in  the  stoutness  of  the  stems.  Our  material  is,  however, 
insufficient  to  define  them  properly. 

Pleubodiotyum  ?  PAOHTFOBOiDEs,  n.sp.  (PI.  XVIII,  Figs.  12,  12a.) 
Gorallum  forming  masses,  which  often  become  very  elongate  and 
ramose.  Base  and  epitheca  unknown.  Gorallites  large,  short, 
polygonal,  obliquely  radiating,  with  thick  walls,  which  are  pierced 
by  a  few  irregularly  placed,  straight,  horizontal  canals;  a  few 
oorallites  being  much  smaller  than  the  rest 

Size  of  coraUites  :  2  or  even  3  mm.  in  diameter ;  about  5  or  6,  or 
rarely  9  or  10  mm.  long. 

This  abundant  species  is  very  perplexing.  It  appears  to  have 
the  structure  of  Fleurodictyum,  but  the  habit  of  Faehypora,  In  one 
instance  a  specimen  appears  attached  to  the  mould  of  a  crinoid- 
stem,  and  has  in  one  place  all  the  appearance  of  an  ordinary 
Fleurodictyum,  radiating  from  a  centre.  In  this  case  the  epitheca 
may  have  been  destroyed,  the  crinoid-marks  being  obliterated 
from  the  mould,  which  is  covered  by  minute  longitudinal  lines. 
Occurring  only  as  casts,  the  connecting-rods  are  very  noticeable. 
They  are  sometimes  nearly  1mm.  long.  They  are  placed  on  the 
flat  sides,  and  have  sometimes  an  irregularly  vertical  arrangement. 
The  state  of  preservation  is  such  as  to  allow  no  signs  of  septal  striie 
or  tabulffi.  The  coraUites  are  very  much  larger  and  shorter  than 
those  of  Fachypora  eervicornis,  De  Blain. 

EXPLANATION    TO    PLATE   XVII. 

Devonian  Fossils  from  Lynton. 

The  specimens  are  in  Mr.  J.  G.  Hamling's  collection,  and  are  drawn  natural  size. 

Fio.  l.^FUrittea  fascieulata,  Goldfuss.    Left  valve,  restored  from  the  mould  and 

cast.    Woodabay. 
Fio.  2. — The  same,  cast  of  anterior  end.    This  has  been  accidentally  drawn  with  the 

anterior  end  upward,  and  should  be  turned  through  a  quarter  drele  for 

examination. 
Fio.  Z,—Modiomorpha  lameUota,  Sandberger,  sp.     Cast  of  right  valve,  showing 

part  of  hinge,  defective  in  front.     Lee  Bay. 
Fio.  4.— The  same,  cast  of  both  valves,  showing  the  anterior  muscle-mark  (6). 

Lee  Bay. 
Fio.  6,—Nucula  Zodanmtis,  Beushausen.   Cast  of  right  valve,  imperfect  on  the  back. 

Barhrick  MUL 
Fio.  6. — Spiriftra  DaUidmsi$,  Steininger.    Distorted  cast  of  dorsal  valve.    Lee  Bay. 
Fio.  7,-~^infnra  paradoxa,  Schlotheim,  sp.    Dorsal  valve,  restored  from  a  cast 

and  modd.    Woodabay. 
Fio.  %.—0rthotet49  hippmyx,  Schnur,  sp.     Dorsal  valve  of  a  young  specimen,  one 

side  of  which  is  irregularly  aiate. 
Fio.  ^.—Orthit  longuukaU,  Pnillips.    Cast  of  ventral  valve.    Barhrick  Mill. 
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EXPLANATION    TO    PLATE    XVIII. 
Devonian  Fossils  fbom  Tobquat. 

The  specimens  belong  to  the  Torquay  Natural  History  Society,  and  were  obtained 
from  the  foundations  of  its  Museum.    They  are  draim  to  natural  size. 
Fio.  1. — Capulus  priseus,  Goldfuss? 

FiQ.  2. — Spirifera  curvata^  Schlotheim,  sp.    Portion  of  ventral  valve. 
Fio.  3. — The  same.    Central  part  of  the  front  of  dorsal  valve,  showing  the  fold. 

Fig.  3a,  portion  of  surface  magnified. 
Fio.  4. — Fentamerus  galeahUf  Balman,  sp. 
Fio.  5.— The  same. 

Fig.  6. — Athyrit  eoncentriea,  von  Buch,  sp.    A  small  dorsal  valve. 
Fig.  7. — Orihotetet  umbraculum,  Schlotheim,  sp.     Mould  showing   the   minute 

ornamentation.    Fig.  la,  portion  of  tiie  mould  magnified. 
Fio.  8. — Stropheodmta  taniolata,   Sandberger,  sp.    Lower  valve  and  hin^e-line. 

Fig.  8a,  portion  of  hinge-line  ma^pnified.    Fig.  Sb,  portion  of  m>nt  of 

the  valve  magnified,  showing  the  double  series  of  stris. 
Fio.  9. — The  same.    Lower  valve  showing  internal  arrangements.    Fig.  9a,  portion 

of  hinge -line  magnified.    Fig.  9^,  portion  of  ovarian  area,  showing  its 

pitted  surface. 
Fio.  10.— Or^Ai*,  sp.    Fig.  lOo,  cast  of  dorsal  aspect.    Fig.  10*,  cast  of  ventral 

aspect. 
Fio.  W.—Cladochonua  cf.  Schluteri,  Holzapfel.    Mould  of  the  part  of  a  specimen. 
Fig.  12.-^ Pleurodictyum  ?  paehyporoidea,  n.sp.   Portion  of  a  ramose  cast.    Fig.  12a 

portion  of  one  of  the  corallites  magnified,  showing  the  airang^nent  of 

the  rods. 


11. — Thb  Fat&m  Depression  :  A  Pbeliminaby  Notioe  of  the 
Geology  op  a  District  in  Egypt  containing  a  new  Pal«o- 
GENB  Vertebrate  Fauna.^ 

By  HuoH  J.  L.  Beadnell,  F.G.S.,  F.R.G.S.,  of  the  Geological  Survey  of  ^^t. 

THE  Faytim,  one  of  the  largest  depressions  of  the  Libyan 
Desert,  is  sitaated  some  50  miles  south-west  of  Cairo.  It  is 
cut  out  in  rocks  of  Eocene  and  Oligocene  age,  while  still  younger 
deposits  of  Pliocene  and  Post-Pliocene  date  are  found  within  the 
hollow.  The  depression  owes  its  origin  to  the  action  of  the  ordinary 
subffirial  denuding  agents,  which  I  have  shown  in  previous  papers 
were  cdpable  of  producing  the  oases-depressions  of  Baharia,  Farafra, 
Dakhla,  etc.  Faulting,  which  has  played  so  important  a  part  in  the 
formation  of  the  Nile  Valley,  appears  to  have  had  little  or  nothing 
to  do  with  the  production  of  the  Fayilm  and  other  depressions  of 
the  Libyan  Desert 

During  my  survey  of  the  Faytim  in  1898  I  found  that  certain 
strata  of  the  Middle  Eocene  were  veritable  'bone-beds,'  being 
crowded  at  many  points  with  vertebrate  remains,  such  as  the  ribs 
of  cetaceans,  crocodile  vertebras,  fish-bones,  and  coprolites.  Up  to 
that  time  the  only  vertebrate  fossils  which  had  been  obtained  from 
the  district  were  remains  of  Zeuglodon  and  some  fragments  of 
a  mandible  thought  to  belong  to  Chcsropotamus ;  these  had  been 
collected  by  Schweinfurth  and  noticed  by  him  in  1886. 

^  Communicated  in  ahstract  to  the  British  Association  at  Glasgow,  1901,  by 
permission  of  Sir  William  Garstin,  K.C.M.G.,  Under- Secreto^  of  State,  and 
€apt.  H.  G.  Lyons,  Director- General  of  the  Survey  Department,  Cairo. 
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In  the  early  part  of  1901  I  spent  a  short  time  in  the  FayClm 
exploring  the  borders  of  the  Birket  el  Qarun  lake,  on  which  occasion 
Dr.  0.  W.  Andrews,  of  the  British  Maseum,  who  happened  to  be  in 
Egypt  at  the  time,  accompanied  me.  On  our  return  journey  to 
Cairo  we  yisited  some  of  the  localities  I  had  found  to  be  bone- 
bearing  in  1898,  and  on  our  last  day's  march  were  most  fortunate 
in  crossing  the  Eocene  escarpments  at  a  point  where  a  nnmber  of 
well-preserved  marine  and  terrestrial  vertebrate  remains  lay  exposed 
on  the  surface  of  the  outcrop  of  the  bone-beds.  On  reporting, 
Oapt  H.  Q.  Lyons,  Director-Qeneral  of  the  Survey  Department,  at 
once  organized  a  special  collecting  expedition ;  Dr.  Andrews  again 
accompanied  me,  and  together  we  succeeded  in  obtaining  a  unique 
collection  of  almost  entirely  new  mammals  and  reptiles.  A  brief 
description  of  these  is  now  being  published  by  my  companion  in 
the  Gkolooioal  Maoazimb  (see  September  and  October  issues), 
and  the  object  of  the  present  paper  is  to  give  a  preliminary  account 
of  the  geology  of  the  district  from  which  these  interesting  remains 
were  obtain^. 

Qenebal  Suooession. 

The  oldest  beds  found  in  the  depression  are  the  clays,  marls, 
and  limestones,  with  Nummulites  gizehenais,  of  Middle  Eocene  age. 
These  are  succeeded  by  a  group  of  white  marly  limestones  and 
gypseous  clays,  which  largely  underlie  the  cultivated  land  of  the 
Faytim.  They  are  followed  by  a  series  consisting  of  days,  sand- 
stones, and  calcareous  grits,  some  beds  of  which  are  characterized 
by  the  abundance  of  Operculina.  The  latter  series  is  followed  by 
the  uppermost  marine  Eocene  beds  (Carolia  beds),  an  alternating 
group  of  clays,  sandstones,  and  limestones,  characterized  by  an 
abundant  vertebrate  and  invertebrate  fauna,  and  equivalent  to  the 
Upper  Mokattam  beds  of  Cairo.  Above  the  'Carolia  beds,'  and 
well  marked  off  from  them,  both  lithologioally  and  palsdontologically, 
is  found  a  great  thickness  of  variegated  sands  and  sandstones,  clays, 
and  marls,  divided  near  the  summit  by  one  or  more  thick  intercalated 
lava  sheets.  These  variegated  beds  are  largely  of  fluvio-marine  origin 
and  are  of  Upper  Eocene  -  Lower  Oligooene  age.  No  Miocene 
deposits  have  been  recognized  within  the  area,  but  further  north, 
as  at  Mogara,  Lower  Miocene  beds  occur,  and  it  is  probable  that 
a  continuous  conformable  series  of  lithologioally  similar  deposits 
extends  from  the  summit  of  the  Fayilm  escarpment  (Lower  Oligooene) 
to  the  Mogara  Miocene  beds. 

The  Pliocene  is  probably  represented  by  the  great  masses  of 
gravel,  or  raised  beaches,  which  form  such  a  marked  feature  in 
the  geology  of  the  district  Fossiliferous  Pliocene  deposits  have 
also  been  recorded  from  the  south  part  of  the  area  by  Schweinfurth. 
Of  Post-Pliocene  age  we  may  mention  the  ancient  high-level 
lacustrine  clays,  the  cultivated  alluvial  loams,  and  the  desert 
sand-dunes. 

The  following  table  shows  the  sequence  of  strata  known  in  the 
FayClm  and  the  classification  adopted  by  the  writer : — 
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Recbnt  and       )  AlluTial  soil,  blown  sand,  and  high-level  lacnstrine 
Pleistocbnb.      f         and  clays. 

(Shell-borings  on  exposed  rocks. 
Fossiliferons  deposits  of  Sidmant. 
Gravel  terraces. 

AND  I  6.  Fluvio-marine  Series  (Gebel  el  Qatrani  beds). 

Upper  Eocene.    ) 

\  4.  Qasr  el  Sara  Series  (Carolia  beds). 
Middle  f  3.  Birket  el  Qurun  Series  (Operculina-Nammulite  beds). 

Eocene.  (  2.  Ravine  Beds  (fish-scale  marls). 

;  1.  Wadi  ftayan  Series  (Nummulitet  gitehmtu  beds). 

1.  Wadi  Batan  Sb&ies. 

The  wadis  of  Bayan  and  Mouailla,  on  the  southern  side  of  the 
Fayiim  depression,  are  cut  out  in  the  clays  and  limestones  of  this 
group,  equivalent  to  part  of  the  Lower  Mokattam  of  the  Nile  Valley. 
The  uppermost  bed  of  limestone,  characterized  by  the  profusion  of 
the  large  foraminifer  Nummtdites  gizehemis,  forms  a  oonsiderable 
part  of  the  floor  of  the  depression  west  of  the  Faytim  cultivation, 
stretching  from  G^bel  Hay  an  northwards  to  the  foot  of  Gar  el 
Oehannem,  28  kilometres  west  of  the  western  extremity  of  the 
Birket  el  Qurun. 

2.   Bavine  Beds. 

This  series,  estimated  at  25  metres  thick,  consists  of  gypseous 
clays  and  white  marly  limestones,  and  is  met  with  bordering  the 
cultivated  land  on  the  east,  west,  and  north  sides.  The  same  beds 
are  frequently  exposed  in  the  deep  ravines  of  El  Butts  and  El  Wadi 
which  intersect  the  cultivation.  The  beds  yield  shell-impressions 
of  Leda,  Tellina,  etc.,  with  flsh-teeth  and  numerous  scales.  No 
vertebrate  remains  have  as  yet  been  obtained  from  this  or  the 
underlying  series.  Beds  of  this  group  form  the  base  of  the  island 
*  Geziret  el  Qom '  and  the  lower  part  of  the  northern  shore  of  the 
Birket  el  Qurun. 

3.    BiBKBT   EL  QUBUN  SeBIES. 

The  beds  of  this  group,  some  60  metres  thick,  form  the  main 
part  of  the  escarpment  immediately  overlooking  the  north  shore  of 
the  lake.  The  series  appears  to  be  the  equivalent  of  the  upper 
part  of  the  white  beds  (limestones)  of  Gebel  Mokattam,  although 
lithologioally  there  is  considerable  difference.  Certain  beds  of  the 
series  are  characterized  by  the  abundance  of  two  foraminifera, 
Nummulites  Fraaai  and  Operculina  discotdea.  A  well-marked 
molluscan  fauna  is  also  present,  and  cetacean  and  fish  remains 
are  not  uncommon.  The  series  is  well  seen  in  the  desert  separating 
the  Faytim  and  Nile  Valley,  along  the  northern  boundary  of  the 
cultivation  and  of  the  lake,  and  westwards  in  the  olifiG^  to  the 
outlying  hill-mass  of  Gar  el  Gehannem. 

In  the  northern  part  of  the  Faytim  the  series  is  divisible  by 
a  very  constant  well-marked  bed  of  hard  sandstone,  which  almost 
invariably  weathers  out  into  a  number  of  huge  globular  masses. 
The  lower  beds  are  seen  in  the  island  of  Geziret  el  Qom,  and  from 
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them  Sohw^infurth  first  oolleoted  cetacean  remains.  The  mollusoa 
from  these  beds  were  described  by  Mayer-Eymar  (Zittel,  Palaonto- 
graphicaf  n.f.,  x,  3  (xxx))  as  haying  on  the  whole  a  Bartonian 
aspect,  but  his  determination  seems  much  open  to  doubt,  as  they 
underlie  the  Upper  Mokattam  (Qasr  el  Sara  series),  the  Parisian 
age  of  which  appears  to  be  well  established.  The  cetacean  remains 
were  described  by  Dames,  who  compared  them  with  the  American 
Zeuglodon  macrospondylus  and  Z,  brachyspondyluSf  but  did  not  con- 
sider them  to  represent  a  new  species.  The  same  author,  however, 
subsequently  described  similar  but  more  complete  remains  (also 
oolleoted  by  Schweinfurth,  from  beds  belonging  to  my  Qasr  el 
Sara  series)  as  a  new  species,  Z,  Osiris.  The  upper  division  of  the 
Birket  el  Qurun  series  is  lithologically  rather  similar,  consisting  of 
alternating  clays  and  sandstones.  The  beds,  however,  are  generally 
much  richer  in  organic  remains.  In  the  uppermost  beds  very  large 
cetacean  vertebras  occur,  and  these  probably  represent  a  second 
species  of  Zeuglodon,  as  although  Dames  considered  the  difference 
in  size  of  the  bones  of  separate  individuals  to  be  sexual,  the 
apparently  much  greater  upward  range  of  the  smaller  type  suggests 
the  existence  of  two  species. 

4.   Qasr  el  Sara  Series. 

The  exact  junction  between  this  and  the  last-described  series  is 
purely  arbitrary,  some  of  the  commonest  fossils  passing  from  one 
to  the  other.  The  name  of  the  series  is  taken  from  an  ancient 
ruined  temple  near  which  the  beds  are  well  developed.  The  Qasr 
el  Sara  series  (or  Carolia  beds)  is  perhaps  the  most  important  and 
best  marked  division  of  the  Faytim  succession ;  it  forms  a  bold 
escarpment  of  great  length  and  height,  consisting  of  a  series  of 
very  fossiliferous  clays  and  limestones,  with  sands  and  scmdstones 
in  the  upper  part  of  a  total  thickness  of  175  metres.  The  'Carolia 
beds'  closely  correspond  to  the  Upper  Mokattam  division  of  the 
Eocene  at  Cairo,  but  are  much  more  fully  developed  in  the  Faytlm, 
where  they  occupy  a  large  part  of  the  northern  desert  In  the 
cliffs  about  8  kilometres  north  of  the  Birket  el  Qurun  the  beds 
form  a  steep  double  escarpment,  running  nearly  parallel  to  the 
northern  shore  of  the  lake. 

Vertebrate  remains  may  be  found  in  places  in  most  of  the  beds  of 
this  division,  but  the  most  prolific  horizon  is  the  'bone-beds'  proper, 
a  double  band  of  clay  separated  by  two  layers  of  limestone,  and 
occurring  about  midway  in  the  series.  In  this  bed  groups  of 
skeletons,  or  portions  of  skeletons,  are  occasionally  met  with,  sug- 
gesting that  they  were  carried  out  to  sea  by  a  strong  river  current 
and  deposited  at  the  tail-end  of  the  latter.  That  the  Qasr  el  Sara 
series  was  deposited  in  fairly  shallow  water  at  no  great  distance 
from  land  seems  certain,  no  less  from  the  common  occurrence  of 
terrestrial  animal  remains  than  from  the  general  litbological  character 
of  the  beds.  The  clays  abound  with  impressions  of  plants,  much 
lignitio  matter  occurs,  current-bedding  is  well  seen  in  many  of  the 
more  sandy  beds,  while  the  thin  interbedded  bands  of  limestone 
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are  more  or  less  impure  and  do  not  indioate  conditions  of  any 
great  depth. 

The  oommonest  and  perhaps  the  most  important  mammal  from 
these  heds  is  Mmriiherium  Lyonsi,  Andr.,  which  Dr.  Andrews  con- 
siders to  be  a  generalized  foreranner  of  the  Mastodon  type  of 
Proboscidean ;  a  second  species  may  also  be  present.  The  mandible 
and  upper  teeth,  together  with  some  of  the  limb  bones  of  a  laige 
heavily  built  ungulate,  somewhat  resembling  Dinoiherium,  haye  alsc 
been  described  as  Barytherium  grave,  Sirenian  remains  are  not  at 
all  rare  and  may  belong  to  Eotherium  agyptiacum,  Owen,  the  type 
of  which  was  a  natural  brain-cast  from  the  Mokattam  beds  of  Curo. 
It  is  possible,  however,  that  the  Fayilm  animal  may  yet  prove  to  be 
distinct  from  Eotherium,  Cetacean  remains  are  remarkably  common 
in  these  beds,  and  all  appear  to  belong  to  Zeuglodon  (kiris;  the 
larger  cetacean  bones,  mentioned  as  occurring  in  the  underlying^ 
beds,  have  not  here  been  detected.  Reptiles  are  represented  by  two 
new  genera  of  snakes,  the  larger  of  which,  OiganiophU  Oar$tini, 
Andr.,  was  a  python-like  type,  and  probably  attained  a  length  of 
30  feet  The  remains  of  the  smaller  MmriaphU  Schweinfurthi,  Andr., 
in  the  shape  of  well-preserved  vertebrsd,  are  remarkably  abundant. 
Two  new  species  and  one  new  genus  of  chelonians  were  obtained 
from  this  series  and  have  been  described  as  Psephophorm  eoeanus, 
ThalaBiochelys  lihyca,  and  Stereogenys  Cromeri.  Crocodilian  remains 
abound,  the  most  important  new  species  being  Tomistofna  afiricanwm, 
Andr.  Fish-remains  occur  throughout  the  series,  one  of  the 
commonest  forms  being  a  large,  and  probably  new,  species  of 
Siluroid.  Fragments  of  the  Saw-fish,  ProprisHM  SchweinfiLrthif  are 
also  frequently  met  with. 

5.  Fluvio-mabine  Sbbies. 

In  the  north  of  the  Faytim,  the  Qasr  el  Sara  series  is  always 
conformably  overlain  by  a  unique  Beries  of  variegated  sands  and 
sandstones,  with  alternating  clayey  and  marly  bands.  The  often 
repeated  bands  of  limestone  of  the  underlying  division  are  now  only 
represented  by  an  occasional  bed  of  calcareous  grit  or  impure  lime- 
stone. Near  the  top  of  the  series  occurs  a  horizontal  sheet  of  basalt, 
in  all  probability  contemporaneously  interbedded.  For  the  most 
part  the  series  is  barren  of  organic  remains,  but  certain  bands  in  the 
upper  part  yield  numerous  individuals  of  Unto,  Spatha,  MtUela, 
Amptdlaria,  Turritella,  Cerilhium,  Mekmia,  and  Potamides.  From 
such  a  facies,  we  may  without  doubt  conclude  that  the  conditions 
of  deposition  of  these  sediments  were  estuarine  or  fluvio-marine. 
Moreover,  the  enormous  quantities  of  silicified  wood,  in  the  shape 
of  hundreds  of  trees  of  great  length  and  girth,  associated  with  the 
remains  of  terrestrial  animals  {Palaofnastodon,  etc.),  show  that  rivers 
of  considerable  size  emerged  from  the  land  to  the  south,  the  coast- 
line of  which  was  probably  not  very  far  distant 

The  series  attains  a  maximum  thickness  of  about  250  metres. 
With  regard  to  age,  I  have  already  stated^  that  the  lower  part  of 

1  Beadnell:  '* Recent  Geological  DiscoverieB  in  the  Nile  Valley  and  libjan 
Desert  ** ;  London,  1901. 
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the  series  may  be  regarded  as  Upper  Eocene,  while  the  higher  beds 
above  the  interbedd^  basalt  marks  the  base  of  the  Lower  Oiigocene. 
It  seems  probable  that  this  age  -  determination  will  hold  good, 
although  whether  it  will  ever  be  possible  to  draw  a  precise  junction 
between  the  Eocene  and  Oligocene  is  more  than  doubtful.  The 
series  is  quite  continuous  in  the  field,  and  the  passage  from  the 
one  to  the  other  formation  appears  to  be  perfectly  gradual,  both 
lithologically  and  palaaontologically. 

Occasioned  fragments  of  bone  may  be  observed  in  many  parts 
of  the  series,  but,  so  far,  the  only  remains  of  value  obtained  were 
unearthed  from  the  lowest  bed,  and  are  thus  certainly  of  Upper 
Eocene  (Bartonian)  age.  The  most  important  terrestrial  animal 
is  PalcBonuMtodan  BeadneUi,  Andr.,  a  small  generalized  form  of 
proboscidean,  and  probably  a  direct  descendant  of  McBrithium  Lyonti 
of  the  Qasr  el  Sara  series  below.  Part  of  the  mandible  of  another 
and  different  ungulate  was  also  obtained,  but  has  not  yet  been 
determined.  In  addition,  remains  of  crocodiles  and  turtles  are  not 
uncommon  in  the  basal  beds  of  the  <  Fluvio-marine  Series.'  The 
post-basalt  portion  of  the  series  forms  the  highest  part  of  the 
escarpment  on  the  north  of  the  Fayiftm  depression.  These  beds 
cover  the  desert  to  the  north,  stretching  to  beyond  the  latitude  of 
Cairo.  To  the  north-west,  however,  they  appear  to  pass  gradually 
up  into  younger  deposits,  as  at  Mogara  Lower  Miocene  rocks  occur. 

Space  does  not  permit  of  any  details  being  given  here  of  the 
younger  Tertiary  and  Post-Tertiary  Faytlm  deposits. 

Qenebal  Behasks. 

The  Eocene  rocks  of  the  Fay^m  are  of  special  importance,  owing 
to  the  presence  in  them  of  a  new  and  highly  interesting  succession 
of  vertebrate  remains,  enabling  us  to  gain  some  insight  into  the 
nature  of  the  fauna  at  that  time  inhabiting  the  great  African  land- 
mass  to  the  south.  In  the  region  to  the  west  of  the  Nile  Yalley, 
comparatively  shallow  water  existed  from  probably  the  beginning  of 
the  Middle  Eocene,  and  numerous  rivers  entered  the  sea  in  this 
neighbourhood,  bringing  quantities  of  forest  trees  and  floating 
carcases  of  animals  from  the  south.  To  the  east  deeper  water  must 
have  existed,  as  limestones  continued  to  be  accumulated  until  the 
latter  part  of  the  Middle  Eocene  period,  and  even  then  the  amount 
of  land  sediment  deposited  was  much  less  than  in  the  Fay^m. 
Later,  in  Upper  Eocene  times,  while  the  Fay^m  appears  to  have 
been  the  site  of  an  enormous  delta,  no  deposits  of  the  same  age 
at  all  appear  to  have  been  laid  down  to  the  east  of  the  present 
Nile  Yalley,  as  there  the  top  beds  of  the  Middle  Eocene  (Upper 
Mokattam)  are  unconformably  overlain  by  the  Oligocene  deposits 
of  Qehel  Ahwar,  eta 

It  is  to  be  hoped  that  further  exploration  in  the  Faytlm  and 
surrounding  desert  regions  may  in  time  lead  to  palsoontological 
discoveries  of  the  highest  importance.  Some  of  the  primitive 
ancestors  of  the  proboscidea  have  already  been  discovered,  and  it  is 
not  improbable  that  in  the  still  lower  Itayan  series  earlier  and  still 
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more  generalized  fomui  may  eTentaaUy  be  unearihed.  Up  to  the 
present  time  it  has  been  maintained,  by  some  antbors  at  least,  that 
at  the  olose  of  the  Plioeene  or  oommenoement  of  the  Pleistocene 
period  a  great  immigration  of  the  Europasian  nngalates  took  plaoe 
into  Africa ;  whereas  the  recent  discoveries  in  Egypt  show  this  theory 
to  be  untenable,  as  it  was  in  the  ancient  African  Continent  itsett 
that  the  elephants,  and  possibly  some  other  groups,  were  eTolved. 


in. — ^NoTSS  OK  Boyle's  Types  of  Fossil  Plants  ntOM  India. 

By  £.  A.  Nhwbll  Abbbb,  B.A., 

Trinity  Collage,  Oambiidge ;  TJiiiyeraity  Demonstrator  in  Pakdobotany. 

IN  his  ninstrations  of  the  Botany  of  the  Himalayan  Moantains, 
published  in  1839,  Boyle  ^  figures  several  important  fossil 
plants  from  the  Bnrdwan  Coalfield  of  India.  These  are  of  especial 
interest,  not  only  as  being  the  first  mention  of  several  of  the  best 
known  fossil  types  from  the  Lower  Qondwanas  of  India,  but  also 
as  among  the  earliest  descriptions  of  members  of  the  GloMBopteris 
flora. 

Boyle's  types  are  now  in  the  G^logical  Department  of  the  British 
Museum  (Natural  History),  Cromwell  Bead.  The  object  of  this 
notice  is  to  call  attention  to  the  whereabouts  of  these  types,  and  to 
some  of  the  more  important  moi^hological  features  which  they 
present  A  full  account  of  the  literature,  in  which  reference  is 
made  to  these  fossils,  will  be  found  in  Feistmantel's '  Flora  of  the 
Lower  Qondwanas  of  India,  and  need  not  be  recapitulated  here. 
The  horizon  in  the  Lower  Qondwanas,  from  which  these  plants  were 
obtained,  is  the  Baniganj  group  of  the  Damuda  Series. 

SPHSNOPHYLLijM  sPBGiosuM  (Boylc).     [V.  4,190.] ' 

18371     Trigygia  sptdosa,  Royle :  ibid.,  p.  xxix*,  pL  ii,  fig.  8. 

1881.  „  „        Feistmantel :  ibid.,  p.  69,  pis.  xia,  ziia,  figs.  1,  2. 

The  type  figured  by  Boyle  under  the  name  Trizygia  speeiosa  is 
a  Tery  interesting  one.  It  is  a  fine  specimen,  6  inches  long  and 
2\  inches  across,  and  showing  nine  whorls  of  leaves.  The  stem  is 
slender,  ^V-A  inch  across.  The  intemodes  have  two  fairly 
prominent  longitudinal  ridges,  but  the  preservation  is  not  sufficiently 
good  to  show  that  these  ridges  are  continuous  at  the  node.  Each  node 
bears  a  whorl  of  three  pairs  of  leaves,  unequal  in  sise,  and  con- 
sisting of  four  elongate-ovate,  entire,  and  spreading  leaves,  1^  inch 
long  by  f  inch  broad,  and  a  smaller  pair,  |  inch  by  |  inch,  ovate 
and  reflexed.    The  successive  whorls  are  superposed. 

In  the  arrangement  and  unequal  size  of  the  leaves,  8.  ipeeio$um 
differs  from  the  majority  of  European  Sphenophyllums,  to  which, 

'  Boyle :  "  lUustratioiiB  of  the  Botanv  and  other  branches  of  Natural  Hiftory  of 
the  Himalayan  Mountains,  and  of  the  Flora  of  Cashmere  "  ;  London,  1839. 

>  Feistmantel,  '*  The  Fossil  Flora  of  the  Gondwana  System "  :  Mem.  6ed. 
Surr.  India,  1881,  ser.  xn,  vol.  iii.  (The  Flora  of  the  Bamuda  and  Panchet 
Diiisions,  1880.) 

'  Registered  number  of  specimen  in  the  Geological  Department,  British  Museum. 
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however,  it  is  in  other  respects  nearly  related.  Feistmantel,^  for 
these,  and  for  other  reasons  which  M.  Zeiller  and  Mr.  Seward' 
have  sinoe  shown  to  be  untmstworthy,  supported  Boyle  in  assigning 
the  Indian  plant  to  a  separate  genus,  Trixygia.  Bat  M.  2^iller*  has 
farther  shown  that  the  anequal  size  and  arrangement  of  the  leaves 
in  such  specimens  is  not  a  constant  feature  of  either  generic  or 
specific  value,  and  that  it  sometimes  occurs  among  such  European 
species  as  S.  oblongifolium  and  8.  filicvlme,  from  the  Upper  Goal- 
measures  and  Permian.  M.  Zeiller  therefore  rejects  tiie  genus 
Trizygia,  a  view  which  Mr.  Seward  *•  has  supported  in  his  textbook 
on  Fossil  Plants. 

The  occurrence  of  such  a  typical  Goal-measure  genus  as  Spheno- 
phyllum,  in  association  with  members  of  the  Olossopleris  flora  in  the 
Lower  Oondwanas  of  India,  is  a  point  of  special  interest,  as  showing 
that  in  India,  as  in  similar  beds  in  South  Africa,  and  in  Sou£ 
America,  there  occur  plants  which  are  typical  of  the  flora  of  Europe 
and  North  America  in  Permo-Garboniferous  times. 

YlBTEBBABIA  INDIGA,   Boylc.      [V.  4,189.] 

1839.     VerUbraria  indiea,  Bojle:  ibid.,  p.  xxix^,  pi.  ii,  fiffs.  1-3,  5-7. 
1881.  „  ,,      Feistmantel :  ibid.,  pi.  xiia,  figs.  10,  11;   pis.  xiiia, 

xiT  a,  fig.  11 ;  pi.  xiv  a  bis,  fig.  3. 

Boyle  says  "the  shales  of  Banigunj  and  Ghinnakooree  contain 
abundant  vegetable  remains  of  the  Banigunj  Beed,  Verishraria 
indiea,  and  Vertehraria  rodtato."  It  is  now  known  that  both  these 
species  represent  different  views  of  the  rhizome  of  Olossopteris ;  • 
F.  radiata,  the  transverse  section,  and  F.  indiea,  the  surface  view. 

Three  specimens  of  each  of  these  are  figured  by  Boyle.  I  have 
only  been  able  to  identify  one  large  specimen  *  figured  as  V.  indiea. 
This  is  5f  inches  long,  and  f  inch  across.  It  is  oomposed  of  two 
r^ular  longitudinal  rows  of  small  square  (f  X  f  inch),  or  sb'ghtly 
oblong  (I  X  f  inch)  areas. 

As  seen  in  transverse  section,  judging  by  Boyle's  figures,  the 
structure  of  Vertebraria  indiea  is  very  similar  to  that  of  Vertehraria 
ausiralis  (MoGoy).  In  surface  view,  however,  there  is  less  resem- 
blance. The  areas,  which  represent  the  broad  outer  edges  of  the 
wedge-like  segments  composing  the  fossil,  are  in  the  Indian  specimens 
small,  and  fairly  regulat,  in  size.  From  other  Indian  specimens 
figured  by  Feistmantel,  this  would  seem  to  be  a  constant  cbaracteristia 
In  Australian  specimens^  they  appear  to  be  often  very  irregular, 
and  to  vary  greatly  in  size.  Oldham^  has  pointed  out  that  the 
Vertehraria  described  by  Zeiller  from  South  Africa  also  differs  from 

*  Feistmantel :  Bee.  Ged.  Surv.  India,  1879,  xii,  p.  163. 

'  Seward:  Mem.  and  Proc.  Lit.  Phil.  Soc.  Manchester,  1889,  vol.  iii,  p.  1. 

'  Zeiller :  Bnll.  Soc.  g6ol.  France,  1890-91,  ser.  ni,  vol.  xix. 

«  Seward:  «  FossU  Plants,"  yoI.  i;  Cambridge,  1898. 

»  Zeiller:  Bnll.  Soc.  gM.  Franee,  1896,  ser.  m,  vol.  xxir,  p.  349. 

•  PI.  ii,  fig.  1. 

^  Feittmantel :  Mem.  Geol.  Snnr.  N.S.  Wales,  Paleont.,  No.  3,  1890,  pi.  xiy, 
fig.  6  ;  pi.  XV,  figs.  1-3. 
«  Oldham :  Bee.  Geol.  Snnr.  India,  1897,  vol.  xxx,  pt.  1. 
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Indian  speoimens.  Although  it  is  highly  probable  that  all  these 
species  are  the  remains  of  the  rhizome  of  one  and  the  same  plant, 
Olossopteris  Brovmiana,  Brongt,  yet  it  would  not  seem  possible  to 
unite  them,  on  account  of  the  yariation  in  structure^  which  they 
present. 

Maobotjemioptkbis  dan^oides  (Boyle).     [V.  4,191.] 

1839.     Olossopteris  danaoidetf  Boyle :  ibid.,  p.  xxix*,  pi.  ii,  fig.  9. 
1881.    Ifaerotteniopteria  darupoides,   Feistmantel :    ibid.,  p.  88,  pk.  xxa,  xxitf, 
figs.  1,  2. 

This  specimen,  which  is  beautifully  preserved,  measures  5|  inches, 
and  nearly  2^  inches  across.  The  midrib  (^  inch  across)  gives 
off  at  right  angles  parallel  veins,  which  are  distant  {^  inch),  and 
simple,  or  occasionally  dichotomizing.  There  is  no  regular  alternation 
between  the  simple  and  branched  veins.  The  leaf  is  oval-lanceolate, 
and  the  margin  entire  or  undulate. 

The  generic  value  of  MaerotarUopteris  is  a  doubtful  one.  It 
would  perhaps  have  been  better,  in  the  present  state  of  our 
knowledge,  to  have  included  such  forms  under  the  broad  definition 
which  Mr.  Seward'  has  adopted  in  dealing  with  similar  remains. 
The  chief  distinctions  between  MaeroUeniopteris  and  TaniopierU 
are  apparently  the  simple  frond  of  large  size — a  point  of  doubtful 
value — and  the  distant  secondary  nerves,  in  the  former  case.  It  is 
therefore  open  to  question  whether  a  generic  distinction  based  only 
on  such  characters  will  eventually  be  found  to  hold  good. 

Cladophlsbis  Boylsi,  Arber.     [V.  4,192.] 

1839.    Feot^teris  JAndleyana,  Boyle  :  ibid.,  p.  xxix*,  pi.  ii,  fig.  4. 
1881.    Alethopt&rit  Zindleyana,  Feistmantel:   ibid.,  p.  80,  pX  XYuia,  figs.  2,  2a; 
pi.  xix  a,  figs.  3,  4. 

Boyle's  specimen  is  a  large  bipinnate  frond,  the  main  axis  of 
whi(^h  is  nearly  7  inches  long,  and  some  of  the  pinnsB  are  of  a  similar 
length.  The  pinnules,  which  are  badly  preserved,  are  somewhat 
oblong  in  shape,  and  attached  by  a  broad  base.  The  apex  is  rounded. 
They  average  ^  inch  long,  by  iV  inch  broad.  There  is  a  strong 
median  nerve,  from  which  dichotomizing  secondary  nerves  are  given 
off.  Feistmantel's  figures  show  the  nervation  accurately,  but  those 
of  Boyle,  and  especially  of  McClelland,^  are  somewhat  misleading. 

The  general  habit  and  the  nervation  recall  certain  fronds  of 
a  British  Jurassic  fern,  Toditea  WilUamsoni  (Brongt) ;  so  much  so 
that  Feistmantel^  originally  placed  the  Indian  species  in  a  group 
with  Alethopteris  Whithyensis,  Heer,  a  plant  very  possibly  identicid 
with  T.  TFt72iaiiMont  (Brongt.).'  The  fructification  of  Boyle's  plant 
is  known,  and  is  of  the  Polypodiaceous  type,  and  thus  differs  from 
that  of  Heer's  plant,  as  Feistmantel  ®  later  admitted.    It  would  seem 

^  Etheridge:  Proc.  Linn.  Soc.  N.S.  Wales,  1894,  ser.  n,  vol.  ix. 

»  Seward:  Brit.  Mns.  Cat.,  "  The  Wealden  Flora,"  1894,  pt.  i,  p.  124. 

3  McClelland :  Bep.  Geol.  Snrv.  India,  1849-50,  pi.  xiii,  figs.  10a,  10^  l(k,  11. 

4  Feistmantel:  Joum.  As.  Soc.  Bengal,  1876,  yoI.  xIy,  p.  360. 

»  Seward:   Brit.  Mns.  Cat.,  "The  Jurassic  Flora":  I.  The  Yorkshire  Coast,, 
p.  88 ;  London,  1900. 
*  Feistmantel :  ibid.,  p.  80. 
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best  to  refer  Boyle's  type  to  the  genus  Cladophlehis,  a  group  of  fossil 
ferns  whose  fruotification  resembles  that  of  recent  Polypodiaoen, 
and  of  which  the  best  known  representative  is  Cladophlehis  dentietdata 
(Brongt.),  from  the  English  Oolite.  I  have  called  Boyle's  type 
CladophlMi  Boylei,  as  the  term  Pecopieria  LindUyana  was  in  any 
case  inadmissible,  for  it  had  been  earlier  applied  by  Presl  to  a  fern 
now  known  as  Coniopteris  arguta  (L.  &  H.).^  The  nervation  in 
(Xadophlebia  and  Todites  is  of  the  same  general  type,  but  the 
evidence  of  the  fructification  would  seem  to  be  strongly  in  favour 
of  referring  Boyle's  plant  to  the  former  genus. 

PusTULABiA  Oaldbbiana,  Boylc. 

No  scientific  description  is  given  by  Boyle  of  any  of  his  types. 
All  the  plants  he  mentions  are,  however,  figured,  with  the  exception 
of  one  which  he  merely  refers  to  as  having  been  named  by  him 
Puahdaria  CkUderiana,^  The  rock-specimen  with  Cladophlehis 
Boylei  contains  several  other  smaller  fragments,  and  also  bears  a  label 
with  **  Pustularia  Calderiana*'  in  probably  Boyle's  handwriting. 
These  specimens  are  imperfect,  and  perhaps  for  this  reason  were  not 
figured.  They  apparently  consist  of  slender  branched  specimens  of 
Vertehraria  indiea,  Boyle,  similar  to  those  figured  by  Feistmantel.' 
As,  however,  Boyle's  plant  was  neither  figured  nor  described,  the 
name  Pustularia  Calderiana  has  no  significance. 


IV. — Gkologioal  Notes  on  the  NEianBouBHOOD  of  Ladtsbotb; 
Natal.  No.  2:  Oh  some  Travelled  Blocks  in  the  Eooa 
Shales.^ 

By  Dr.  H.  Exton,  F.G.S. 
(Commimicated  by  Profeesor  T.  Eupert  Jones,  F.E.S.,  P.G.S.) 

ON  both  sides  of  the  Klip  Biver  running  through  this  district 
a  shale  predominates,  varying  in  colour  from  greyish-brown 
to  purple,  having  a  conchoidal  fracture,  and  the  features  of  Ecoa 
Shale,  as  described  by  Dr.  Molengraaf  (Trans.  Oeol.  Soc.  South 
Africa,  vol.  iv,  pt.  5,  pp.  107-112). 

The  watercourses  and  dongas  are  too  shallow  to  show  the  base 
of  the  Ecca  series,  and  I  have  searched  for  the  presence  of  Dwyka 
Conglomerate  here  without  avail.*  In  a  narrow  gorge  running  into 
the  Klip  Biver  near  to  this  station  is  a  level  piece  of  ground  covered 
with  blocks,  which,  from  the  absence  of  a  parent  rock  and  from  the 

1  Seward:  ibid.,  p.  116. 
'  Bojie:  ibid.,  p.  xxix*. 

*  Feutmantel :  ibid.,  yol.  iii,  pi.  xiiia,  figs.  1,  2. 

*  For  No.  1  see  p.  609. 

^  Since  Dr.  Mokngraafs  memoir  on  **  The  Origin  of  the  Dwyka  Conglomerate," 
deeeribing  the  Ecca  fieds  as  resultants  of  glacial  action,  much  attention  has  beeo 
giyen  to  the  subject.  See  the  Trans.  Geol.  Soc.  South  Africa,  1898,  yol.  ir, 
pp.  103-115;  and  Nat.  Science,  1899,  pp.  199-202.  In  E.  J.  Dunn's 
Geological  Map  of  South  Africa  (1887)  the  Ecca  Beds  ran^e  only  up  as  far  as  the 
Tugela  Biyer  in  Northern  Natal.  The  Ecca  Beds  describea  by  Dr.  Molengraaf  are 
m  tne  Tryheid  district,  just  south  of  Utrecht  and  west  of  Zululand. 
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peculiarity  of  their  disposition,  appear  to  have  been  travelled 
blooks  (Locality  No.  1).  Each  one  is  more  or  less  encased  with 
a  fine-grained  sandstone,  like  the  kernel  of  an  almond  in  its  shell, 
which  to  a  certain  extent  takes  the  shape  of  the  central  mass. 

These  blocks,  lying  on  the  Ecca  Shale,  are  well  shown  in  the 
photographs  Nos.  1  and  2,  for  which  I  am  indebted  to  CSaptain 
Dalgleish,  of  the  Newcastle  Field  Artilleiy. 

'*  No.  2  "  shows  an  artificial  pile  of  detached  blocks,  each  partially 
exhibiting  the  crust  or  casing  of  sandstone.  These  stones  have 
evidently  been  exposed,  and  possibly  rolled  from  higher  ground, 
and  thus  more  or  less  fractured. 

''No.  1 "  (see  Fig.  1)  shows  a  block  still  lying  in  aitu,  partially 
embedded  in  the  Ecca  Shale,  size  27  x  19  x  12  inches.  The 
immediate  foreground  shows  the  cutting  of  a  unitary  road,  and  by 
this  the  portion  facing  the  spectator  has  been  exposed,  whilst  the 
base  of  the  block  and  the  further  portion  remain  embedded  in  the 
shale,  as  when  planted  there  by  natural  agencies. 


-..-.^- 


Fio.  1.— One  of  tiie  encrusted  blocks  in  the  Ecca  Shale  near  the  Station  Hospital, 
Ladysmith,  Natal. 

There  is  so  much  that  to  me  is  enigmatic  in  these  stones  that, 
with  the  stimulus  your  kindly  interest  in  them  has  excited,  I  have 
extended  my  researches,  with  the  result,  as  mentioned  in  mine 
of  May  16th,  that  I  found  a  similar  specimen  at  Nicholson's  Nek, 
fear  miles  due  north-east  from  this  station  (Locally  No.  2),  and 
on  a  second  visit  discovered  others  having  the  same  characters. 
Since  then  I  spent  a  satisfactory  day  at  Bester's  Farm  (Locality;No.  3)» 
behind  Waggon  Hill,  about  five,  miles  in  a  south-west  direction 
from  the  Station  Hospital  (that  is,  Staiianaryf  in  contradistinction 
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from  Fidd  JSoBptial).  This  Beater's  Farm  (ocoupied  by  a  man  of 
that  name)  mast  not  be  oonfomided  with  **  Besters/'  a  rattway  station 
on  the  Harrismith  line,  about  16  miles  from  Ladysmith. 

Following  the  wateroonrse  (at  this  season  merely  a  dry  donga) 
towards  the  hills  a  mile  and  a  half  away  from  Hester's  honse 
I  found  many  of  these  Olifant  Klip  ^  blooks  in  8M,  embedded  in  the 
blue  shale.  Some  were  embedded  in  the  bed  of  the  wateroourse, 
bat  others  were  revealed  by  projecting  from  the  almost  perpendicular 
sides  of  the  donga,  having  ten  feet  of  shale  between  them  and  the 
surface  of  the  ground.  These  are  absolutely  untouched  by  the 
hand  of  man.  A  casing  of  similar  sandstone  is  here  also  evident ; 
but,  from  moisture  during  the  rainy  season,  more  or  less  decomposition 
has  ensued. 

A  blow  with  the  hammer  sufficient  to  break  the  crust  generally 
detaches  the  same  from  its  contained  central  mass ;  in  order,  therefore, 
that  you  may  have  the  fullest  opportunity  of  investigation  I  am 
having  a  small  block  sawn  through  by  a  local  mason  here,  so  as 
to  give  a  section  of  the  central  portion  still  retaining  its  part  of  the 
crust  above  and  below.  This  is  from  the  site  of  my  first  find,  on 
the  declivity  near  the  Klip  Biver  at  this  Station  Hospital. 

The  thickness  of  the  portion  sliced  off  is  3  to  5  inches,  and  the 
diameters  of  its  flat  face  are  16|  by  12  inches. 

In  the  same  package  I  have  enclosed  specimens  from  the  centre 
of  blocks  found  by  me  at  Bester's  Farm.  These,  as  far  as  I  can  see, 
possess  the  same  characters  as  the  specimens  sent  you  by  post 
at  first 

The  enquiry  as  to  the  source  of  these  blocks  becomes  more 
interesting,  and  their  geological  relations  more  important,  since 
I  am  now  enabled  to  prove  Uieir  presence  on  or  in  the  Ecca  Shale 
at  four  different  points  widely  apart. 

NichoUons  Nek 


Gun  Hill 


3t 

Besters  Farm. 

Fio.  2.— Showing  the  relatlTe  podtion  of  the  four  localities  in  which  the  tnTdled 
conoentricolocks  haye  heen  fonnd  in  the  Ecca  Shales  near  Ladysmith. 

The  fourth  point  is  in  the  Nek  between  Oun  Hill  and  the 
mountain  Umbulwana  (Locality  No.  4).  Oun  Hill  is  four  miles 
east  of  Ladysmith  and  5i  from  the  Hospital  Gamp.  At  this  Nek 
there  are  eight  or  ten  blocks  lying  partially  exposed,  in  tiM,  on 

1  The  kernel  of  these  blocks  resembles  in  microscopic  structure  the  so-called 
'BephanfeRoek,'  or  <  Olifaat  Klip '  of  tiie  Transraal. 


Digitized  by  VjOOQ IC 


562         F.  Chapman— The  OUfant  KUpfrom  Natal,  etc. 

the  Eooa  Beds,  with  central  mass  and  oonoentric  ooatings  similar 
to  the  others  already  mentioned. 

The  occnrrenoe  of  these  peonliar  hlooks  in  large  numhers,  at 
places  so  far  apart,  points  to  some  extensive  physical  operations 
under  which  their  formation  and  deposition  have  taken  place. 

Mr.  Fred.  Chapman  suggests  that  these  blocks,  with  a  more  or 
less  concentric  structure,  have  been  due  to  sigmoidal  folds  in  crushed 
PalsBOzoio  rocks.  Their  distribution  was  probably  due  to  ice-action 
during  the  formation  of  the  Ecca  Shales. 

The  encrusted  blocks  and  their  association  with  the  Ecca  Shale 
are  precisely  the  same  in  the  four  several  localities  in  which  I  have 
now  found  them. 

There  can  be  no  question  about  their  being  travelled  blocks. 
I  have  been  over  the  whole  country  within  a  radius  of  15  miles 
round  here,  and  have  failed  to  find  anything  approaching  the  kind 
of  stone  of  which  the  central  portion  consists.  Therefore  I  am 
certain  that  I  have  not  met  with  the  rock  from  which  these  blocks 
were  derived,  nor,  as  far  as  I  am  aware,  is  there  any  previous  mention 
of  the  occurrence  in  Natal  of  what  I  must  perforce  call '  dolomite,' 
such  as  the  central  mass  of  these  encrusted  blocks,  which  is  a  blue 
magnesian  limestone,  e£fervescing  on  application  of  a  mineral  acid. 

[If  the  Ecca  Beds  are  really  extra-morainic  deposits  in  connection 
with  the  Dwyka  Oonglomerate,  it  may  be  to  the  latter  we  have  to 
look  for  the  immediate  source  of  the  blocks,  and  to  far-away  southern 
regions  for  the  earlier  rocks  from  which  they  originally  came. — 
T.  B.  J.]  

Y. — ^NOTSS   ON  THB  OUFANT    KliP    FBOM    NaTAL,   THE    TbANSVAAL, 

AND   LyDBNBUSQ. 

By  Fbidb&icx  Ghapmait,  A.L.S.,  F.B.M.8. 

(Appendix  to  Dr.  Exton's  paper  on  the  Travelled  Blocks  in  the  Ecca  Shalee  near 

Ladysmith.) 

I. — Specimen  from  one  of  the  blocks  lying  on  the  Ecca  Shale 
on  the  declivity  near  the  Klip  Biver  at  the  Station  Hospital, 
Ladysmith.  This  is  a  bluish-grey  rock  of  dose  texture,  with 
a  flaky  and  sometimes  conchoidal  fracture.  The  broken  surfiftce 
does  not  reveal  the  rock's  internal  structure ;  but  on  the  weathered 
surface,  which  appears  as  a  brown  crust,  the  siliceous  strings  and 
bands  passing  through  the  rock  stand  out  in  high  relief.  The 
surface  effervesces  freely  when  touched  with  acid. 

Under  the  microscope  this  rock  appears  to  be  a  mylonized 
siliceous  limestone.  It  was  perhaps  originally  a  calcareous  sand- 
stone ;  possibly  having  organic  remains  (as  shell-fragments),  more 
or  less  massive. 

The  arenaceous  part  of  the  rock  now  appears  as  brecciated  fragments 
of  sandstone,  alternating  with  contorted  and  fibrous  calcareous 
material.  The  whole  structure  shows  an  extraordinaiy  amount 
of  crushing,  and  exhibits  various  stages  in  the  formation  of 
a  cleaved  rock.  The  harder  arenaceous  portion  occurs  as  strings 
of  rifted  quartzose  fragments,  once  continuous,  but  now  broken 
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ap  and  rippled,  whilst  between  the  folds,  which  are  often  sharp 
and  V-shaped,  the  calcareous  and  other  minerals  lie  in  fibrous 
bands  or  intermingled  with  quartz-grains. 

On  the  margins  of  the  sandstone  fragments  some  dolomite  rhombs 
may  he  detected. 

This  *  Olifant  Bock'  is  not  a  true  dolomite,  but  a  crushed  limestone 
with  much  siliceous  interstitial  matter,  and  the  crushing  has  given 
rise  to  a  pretty  'rippling'  of  the  granular  portion,  such  as  one 
often  sees  in  the  Skiddaw  Slates  and  other  rocks  of  a  similar  nature. 

II. — The  large  block,  from  near  the  Hospital,  is  broken  on  one 
side,  and  has  been  sawn  across  carefully  on  the  other  to  show  its 
structure ;  and  a  large  portion  of  the  original  surface  exposed  by 
weathering  is  seen  on  the  rest  of  the  specimen.  It  is  evidently 
a  portion  of  a  sub-lenticular  mass,  consisting  of  an  inner  calcareo- 
siliceous  material  and  an  outer  finer-grained  siliceous  and  limonitic 
crust 

The  whole  block  is  strongly  suggestive  of  its  having  been 
a  lenticular  mass,  produced  by  intense  folding,  which  has  resulted 
in  two  contiguous,  but  differently  constituted,  layers  being  cut  off 
in  their  continuity  from  the  rest  of  the  mass,  as  may  be  seen  in 
certain  of  the  folded  Palsdozoic  rocks  of  the  West  of  England,  where 
a  series  of  sigmoidal  folds  ultimately  give  rise  to  a  band  of  separate 
lentides.  (See  for  instance  Dr.  H.  Hicks'  paper  on  ''Folds  and 
Faults  in  the  North  Devon  Rocks,"  Qkol.  Mag.,  1893,  pp.  8-9, 
especially  the  woodcut  at  p.  5.) 


Fio.  3. — Sigmoidal  folding  in  Deronian  Bocks,  east  side  of  Hele  Bay,  Ilfracombe. 
To  illnstrate  the  origin  of  the  concentric  Olifant  Klip  blocks. 

A.  Ordinary  sigmoidal  fold  in  limestone. 

B.  Dnmb-bell  shaped  fold  due  to  pressure  and  thmst. 
G.  Isolated  fold  with  crust  and  core. 

D.  Crashed  and  contorted  slaty  beds. 

From  a  photograph  by  F.  Chapman,  1899. 

In  explanation  of  the  formation  of  the  travelled  and  broken 
blocks  found  in  the  Eoca  Shale  near  Ladysmith,  as  lentides,  in 
contorted  PalsBOZoic  strata,  which  have  subsequently  been  broken  out 
and  then  shifted  by  water  or  ice-action,  the  above  section  is  given. 
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The  miorosoopio  struotore  of  the  inner  portion  of  this  Ladysmith 
specimen  is  seen  to  be  both  minutely  and  coarsely  ommpled ;  whilst 
at  short  intervals  the  rook  is  traversed  in  various  directions  by 
small  and  interrupted  faults.  The  weathering  has  brought  out 
this  structure  of  the  internal  portion  very  distinctly ;  and  therefore 
the  harder  parts,  with  more  silica  in  their  composition,  stand  in 
high  relief. 

The  forces  which  have  produced  the  structures  of  'rippling/ 
sbearing,  thrusting,  and  faulting  in  the  central  part  of  the  mass 
have  resulted  in  the  formation  of  coarser  vertical  faults  in  the 
stronger  and  more  homogeneous  siliceous  layer  which  now,  probably 
through  the  folding  process,  forms  the  outer  crust 

III. — ^A  specimen  from  one  of  the  blocks  found  in  the  Ecoa  Shale 
at  Bester's  Farm  behind  Waggon  Hill,  four  miles  from  Ladysmith. 
This  is  a  dark-grey  rock,  weathering  on  the  dull  side  to  a  lig^t- 
brown  crust,  along  which  harder  bands  of  quartz  stand  out  in 
strong  relief.  These  hard  bands  are  thin  and  almost  papery  in 
structure;  and  they  are  not  continuous  now,  but  nipped  and  dis- 
connected by  the  oblique  lines  of  the  dynamical  compression  to 
which  they  have  been  subjected.  The  remnants  of  the  siliceous 
bands  are  thus  converted  into  a  string  of  small  lentides. 

The  microscopic  characters  are  like  those  of  another  specimen 
(from  Ladysmith)  above  mentioned;  that  is,  a  oontorted  9xA 
mylonized  siliceous  limestone  with  much  limonite. 

ly.  Note  on  a  specimen  of  the  OUfant  Klip  of  the  I^denhfMrg 
District,  from  the  Collection  of  Nicol  Brown,  Esq.,  F.O.8.  — This 
specimen  shows  strong  indications  of  bedding  lines,  some  of  which, 
in  consequence  of  their  being  siliceous,  stand  out  in  rugged  relief. 
The  rock  also  shows  lines  of  faulting  in  a  V-shaped  manner  (trough- 
faults).  The  surface  of  the  limestone  is  coarsely  hollowed  or  piUed 
(like  elephant  hide),  and  is  of  a  dull  bluish  colour.  Gold  acid  has 
no  e£fect  on  the  rock. 

In  section  this  rock  is  seen  to  be  a  dolomitio  limestone.  The 
main  mass  is  composed  of  tesserss  of  dolomite  crystals  with  a  few 
idiomorphic  ones;  that  is,  with  their  faces  developed,  especially 
in  the  clear  parts  of  the  section. 

Darker  patches  in  the  rock,  more  finely  crystalline  to  granular 
in  structure,  seem  to  point  to  former  organic  inclusions. 

Y.  Note  on  Clifant  KUp  from  the  Sterhfontein  Catfes  near 
Johannesburg,  in  the  Transvaal,  in  Mr,  Nieol  Brown* s  Cbttadton. — 
(1)  A  greenish  or  slate-coloured  argillaceous  limestone  rock. 
Decomposing  externally  into  a  brown  oohreous  crust  Under  the 
microscope  this  specimen  shows  itself  to  be  much  crushed,  rapidly 
on  the  way  to  become  a  micaceous  calc-schist  Minute  quartz-grains 
interspersed  through  the  section.  Much  limonitio  material  present 
The  apparent  lamination  seen  on  the  fractured  surface  is  probably 
due  to  cleavage. 

(2)  A  sub-translucent,  pale  grey  rock  with  oolitic  stmotora 
Composition,  a  dolomite.  Under  the  microscope  the  larger  pro* 
portion  of  this  rock  is  seen  to  consist  of  minute  rhombdiedra  of 
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dolomite,  whilst  some  of  the  oolitic  grains  have  patches  of  poly- 
synthetic  quartz,  as  a  mosaic,  near  their  centres.  The  conoentric 
layers  of  Uie  oolite  granules  seem  to  be  marked  out  by  a  thin 
coating  of  graphite. 

YI.  On  ike  Oli/anl  KUp  from  Lydenbwrg  and  Lady9mUk;  6y 
F.  BuTLBT,  F.Q.S. — I  do  not  see  any  ground  to  doubt  that  the 
rock  from  the  Lydenburg  district  (see  above)  is  other  than  what 
the  label  on  the  section  states,  namely,  a  dolomitic  limestone.  The 
prevalent  rhombohedral  forms,  and  the  absorption  of  light  when  the 
polarizer  alone  is  turned,  suffice,  I  think,  to  show  that  the  opinion  is- 
a  correct  one.  The  section  of  the  rock  (Olifant  Klip)  from  Laidysmith 
is  labelled  '*  Crushed  calcareous  and  siliceous  rock."  Probably  if 
yon  haye  immersed  a  chip  of  the  rock  in  H  CI  you  found  a  certain, 
but  I  suppose  not  very  large,  residue  of  insoluble  matter.  The 
section  looks  like  limestone  and  sandstone  crushed  together,  or  very 
fine  grit  The  sand-grains  are  yery  small,  and  cemented  by  what 
I  take  to  be  limonite. 

The  sand-grains  do  not  give  satisfactory  interference  figures,  but 
in  one  or  two  cases  they  appeared  to  be  positive. 

I  find  that  I  can  make  out  nothing  satisfactory  from  the  small 
grains  in  the  darker  patches  in  the  Olifant  Klip.  They  do  not 
give  any  trustworthy  figures  in  convergent  light  I  suppose  they 
are  fragments  of  a  fine  grit. 

VI.— On  thi  Phtsioal  Histoby  of  the  Nobwkgian  Fjobds.* 
By  Prof.  Edwabd  Hull,  H.A.,  LL.D.,  F.B.S.,  F.Q.S. 

THAT  the  Norwegian  ijords  were  originally  river  valleys  is  » 
statement  which  scarcely  admits  of  controversy.  In  their  form, 
ovtline,  and  topographical  position  they  are  simply  prolongations  of 
the  valleys  which  descend  into  the  sea  partly  submerged  ;  and  if  the 
land  were  still  further  submerged,  as  it  once  was  to  the  extent  of 
200  metres  according  to  Andr.  M.  Hansen,  the  Qords  would  be 
prolonged  beyond  their  present  inland  limits  without  much  variation 
of  form. 

The  process  of  valley  erosion  by  rain  and  river  action  is  nowhere^ 
in  Europe  more  admirably  exemplified  than  in  Western  Norway, 
and  the  process  may  be  supposed  to  have  been  in  operation  in  the 
early  formation  of  the  fjord  diannels  themselves  before  the  epoch  of 
submergence.  But  when  we  come  to  examine  the  form  of  the 
ohannelB,  as  shown  by  the  soundings  marked  on  the  Admiralty 
charts,  we  find  ourselves  confronted  by  the  remarkable  fact  that  the 
beds  of  the  channels  descend  to  very  great  depths,  far  exceeding 
those  of  the  outlets  where  the  fjords  open  out  upon  the  floor  of  the 
North  Sea.  Now  as  river  valleys  must  necessarily  increase  in  depth 
(in  reference  to  the  surface  of  the  sea)  from  their  sources  to  their 
outlets,  we  are  here  brought  face  to  face  with  a  physical  problem 
which  apparently  is  inconsistent  with  our  view  of  the  original 
character  of  these  channels  as  stated  above.  To  the  solution  of  this 
problem  we  must  now  shortly  apply  ourselves. 

^  Bead  before  the  Britigh  ABBociation,  Section  C  (Geology),  Glasgow,  Sept,  1901. 


Digitized  by  VjOOQ IC 


656  Professor  E.  Hull — On  the  Norwegian  I^ords. 

2.  General  form  of  the  fjord-heds.  —  The  numerous  soandings 
laid  down  on  the  Admiralty  charts  of  1865  and  1886  enable  us  to 
determine  with  aoouraoy  the  form  of  the  submerged  portions  of  the 
Qords.  Using  these  soundings,  and  by  their  aid  laying  down  the 
isobathio  contours,  we  arrive  at  results  sufficiently  remarkable.  In 
the  case  of  the  Hardauger,  the  Feris,  the  Sogne,  the  Nord,  the 
Yartdals,  and  the  Stor  Fjords  with  their  branches,  we  find  that 
shortly  after  passing  the  entrance  from  the  outer  sea,  and  the  chain 
of  islands  which  fringes  the  coast  of  the  mainland,  they  rapidly 
descend  to  great  depths,  which  are  continuous  for  long  distances 
inland,  and  then  gradually  become  shallower  toward  the  upper  limits, 
where  they  pass  into  river  valleys  characterized  by  terminal  moraines 
of  ancient  glaciers,  or  old  sea  terraces.  In  carrying  out  the  mapping 
of  the  contours  the  author  has  adopted  the  following  soundings : — 

(1)  Those  of  the  100-fathom  contour     (600  feet). 

(2)  „  „    200        „        „         (1,200  feet). 

(3)  „  „    400       „        „        (2,400  feet). 

(4)  „  „    600       „        „        (3,600  feet). 

The  floor  of  the  Sogne  Fjord  descends  to  even  greater  depths  than 
the  last  of  these,  viz.  661  fathoms  (3,966  feet),  which  is  reached  in 
the  case  of  this  fjord  at  a  distance  of  about  25  miles  from  the  entrance. 
At  the  entrance  itself  the  depth  seldom  exceeds  100  fathoms 
(600  feet),  and  is  generally  less ;  but  once  the  deep  water  is  reached 
there  is  little  change  of  level  for  long  distances.  As  regards  the 
oross-seotion  of  the  principal  Qords,  a  glance  at  the  charts  shows  that 
they  retain  the  form  of  narrow  channels  with  little  variation  in 
breadth,  receiving  tributaries  on  either  hand  and  bounded  by  steep 
or  precipitous  widls  of  rock ;  as  in  the  case  of  the  valleys  of  whi(& 
they  are  only  prolongations  under  the  surface  of  the  sea. 

3.  When  endeavouring  to  account  for  the  peculiar  form  of  the 
fjords  and  the  depth  of  their  floors  over  the  central  portions  we  must 
not  forget  that  Uiese  old  river  valleys  were  the  channels  of  great 
glaciers  during  the  post-Pliocene  or  Qlacial  period,  and  that  glacial 
erosion  has  contributed  to  the  deepening  process.  Some  Norwegian 
geologists,  such  as  Hansen,^  attribute  the  great  disparity  of  the  depth 
of  the  fjords  at  the  inner  and  outer  stages  of  their  course  to  this 
deepening  of  the  original  channels  by  glacier  erosion  on  the  one 
hand,  and  to  the  piling  up  of  enormous  masses  of  moraine  matter  at 
the  entrance  on  the  other.  To  the  latter  cause  the  author  fully  assents ; 
but  he  is  doubtful  whether  glacier  erosion  has  had  the  effect  of  adding 
many  hundreds  of  feet  to  the  depth  of  the  original  floor  of  the  valleys. 
But  leaving  this  question,  we  have  to  consider  a  second  problem : 
namely,  by  what  means  did  the  original  rivers  empty  themselves 
into  the  ocean  before  the  Qlacial  period,  when  there  was  neither 
deepening  of  the  floor  by  glacial  erosion  nor  shallowing  by  moraine 
matter?    Previous  to  the  Qlacial  epoch  the  rivers  must,  in  the 

1  <*  Norway,"  edited  by  Dr.  Sten  Konow  and  Karl  Fischer,  May,  1900.  Tranalatod 
by  J.  C.  Christie  and  Miss  Mnir,  and  others. 
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author's  view,  have  entered  the  Arctic  Ocean  through  channels  which 
cannot  now  be  clearly  traced  by  soundings  over  the  shallow  floor  of 
the  North  Sea.  At  the  same  time  it  is  certain  that  it  was  by  such 
channels  that  they  reached  their  ultimate  destination  in  the  Arctic 
Ocean,  because  rivers  as  they  flow  seawards  must  necessarily  descend 
to  lower  levels.  This  being  so,  it  follows  that  the  channels  do 
actually  exist,  though  they  may  not  be  traceable  by  the  soundings 
over  the  flow  of  the  comparatively  shallow  North  Sea;  and  we  have 
now  to  consider  why  it  is  that  they  are  untraceable. 

The  cause  appears  to  be  closely  connected  with  the  subsequent 
submergence  in  later  or  post-Qlacial  times,  as  indicated  by  the  raised 
beaches  and  terraces.^  During  this  epoch  the  glaciers  had  only 
partially  disappeared  or  receded  from  the  lower  valleys.  Qreat 
quantities  of  mud,  sand,  gravel,  and  boulders  would  thus  be  carried 
down  by  the  streams  and  distributed  by  floating  ice  over  the  sea-bed. 
By  such  material  the  whole  floor  of  the  North  Sea  has  been  overspread 
to  unknown  depths,  and  owing  to  the  agency  of  tides  and  currents 
may  have  been  swept  into  the  deep  channels  of  the  pre-existing 
rivers.  The  author  is  convinced  that,  were  it  possible  to  strip  the 
floor  of  the  North  Sea  of  its  sedimentary  covering,  these  channels 
would  be  found  traversing  the  floor  of  the  continental  platform,  and 
ultimately  opening  out  by  canon-like  channels  on  the  floor  of  the 
Arctic  Ocean. 

The  phenomena  here  observed,  or  inferred,  have  their  representa- 
tives along  the  coasts  of  the  British  Isles  and  Western  Europe.  In 
both  cases  there  is  the  shallow  continental  platform,  terminating  in 
a  deep  and  rapid  descent  to  the  floor  of  the  abyssal  ocean,  and 
traversed  by  channels  of  ancient  rivers  traceable  by  the  soundings 
in  the  case  of  Western  Europe,  or  inferential  in  the  case  of  Western 
Scandinavia.  In  a  few  cases  these  channels  are  for  short  distances 
clearly  indicated  on  the  charts ;  as,  for  example,  in  the  case  of  the 
Bredsund  Dybet,  which  is  a  prolongation  of  the  Stor  Fjord  out  to 
sea,  between  the  islands  of  Godo  and  Harejdo  in  lat.  62^  30",  with 
a  general  depth  of  100  fathoms  below  the  adjoining  floor  of  the  sea ; 
and  there  are  a  few  other  similar  cases. 

Outline  of  the  physical  history  of  the  fiords. — As  connected  with 
the  past  history  of  the  Norw^ian  fjords  the  following  appear  to  be 
the  most  important  stages : — 

1st  (Earliest)  Period. — Continental  conditions ;  ArchsBan  rocks  ; 
river  erosion  begins. 

2nd  Period. — Partial  submergence  in  early  Silurian  times. 

drd  Period. — Elevation  of  land  during  Mesozoic  and  Tertiary 
periods ;  further  deepening  of  river  channels. 

4th  Period.—  Quaternary.  Early  Qlaoial ;  great  elevation  of  land 
and  ultimate  extension  of  snowfields  and  glaciers.  Ice  filling  the 
valleys  and  moving  out  to  sea. 

>  According  to  Profenor  Beosch  the  terraces  with  marine  shells  reach  an  elevation 
of  about  200  metres  (666  feet)  in  the  Trondhjem  district;  but  the  author  daring 
a  recent  Tisit  was  nnable  to  obaerre  any  higher  than  250  feet  south  of  this  position. 
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6th  Period. — Quaternary,  Post-Qlaoial ;  subsidenoe  and  partkl 
^abmergenoe  of  land ;  retreat  of  the  glaciers.  loebergs  and  rafts 
of  ice  coyering  the  adjoining  sea.    Amelioration  of  climate. 

6th  Period.  —  Becent.  Be-elevation  to  approximately  present 
position  with  regard  to  the  outer  ocean.  Formation  of  raised 
beaches  (strand  linien)  doring  the  progress  of  emergence. 

The  paper  concluded  with  a  comparison  between  the  aboTe 
physical  features  as  they  occur  in  Norway  with  those  of  Scotland. 


Vn. — On  the  Oibodlation  of  Saxt  in  its  Bslations  to  Okoloot. 
By  William  Ackbotd,  F.I.G.,  F.C.S.,  Pablic  Analyst  for  Halifax. 

A  wrong  impression  is  given  by  the  question :  "  Why  will 
Mr.  Ackroyd  not  have  the  19  rivers?"  (Gbol.  Mao., 
November,  1901,  p.  505).  The  data  collected  by  Sir  John  Mnrraj 
are  admirable  additions  to  our  natural  knowledge,  and  they  are  used 
in  my  last  article  (Gbol.  Mag.,  October,  1901,  p.  448),  but  I  contend 
that  they  are  not  available  for  use  in  the  expression — 

Sodium  in  the  sea. 

=  the  age  of  the  Earth ; 

Sodium  annually  delivered  into 

the  sea  by  rivers. 

and  I  cannot  accept  either  the  minor  or  major  limits  of  time  arrived 
at  in  this  way.  Perhaps  a  few  more  lines  are  necessary  to  further 
amplify  my  reasons. 

The  19  rivers  contain  the  following  compounds,  among  others,  in 
tons  per  cubic  mile  of  water :  calcium  and  magnesium  carbonates, 
439,580;  sodium  sulphate,  31,805;  sodium  nitrate,  26,800;  and 
common  salt,  16,657.  One  may  take  the  following  views  of  these 
data  and  of  river  water  generally  in  so  far  as  they  afifect  the 
denominator  of  the  fraction : — 

The  Nitrate. — ^The  succession  of  events  in  the  process  of  nitri- 
fication is  well  known  to  chemists  from  the  genesis  of  ammonia 
and  carbonic  acid  to  the  final  production  of  ammonium  nitrate. 
The  theory  is  further  held  that  when  the  ammonium  nitrate  is 
changed  to  sodium  nitrate  it  is  by  interaction  with  sodium  chloride, 
and  that  the  latter  is  of  marine  origin.  This  last  idea  is  strongly 
supported  by  the  composition  of  the  caliche  of  the  South  American 
nitrate  industry.  The  inference  is  plainly  that  the  sodium  in 
sodium  nitrate  is  cyclic,  and  no  more  available  in  this  calculation 
of  the  age  of  the  Earth  than  Triassic  salt  Professor  Joly  makes  no 
allowance  for  it,  nor  indeed  any  mention  of  it 

The  Common  Salt. — I  will  not  reiterate  my  arguments  concerning 
the  part  of  this  compound  which  is  cyclic  of  short  period,  as 
I  have  sufficiently  indicated  their  nature  in  my  last  article.  But 
under  this  heading  the  calcium  and  magnesium  carbonates  certainly 
demand  attention.  These  carbonates  carry  with  them  on  the 
average  probably  not  less  than  *01  per  cent  of  combined  chlorine 
{p.  447),  which,  as  anyone  who  knows  anything  of  analysis  will 
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anderatand,  is  included  under  the  head  of  chloridee,  and  oalcolated 
into  common  salt  would  furnish  43  per  cent,  of  the  16,657  tons. 
It  is  cyclic  of  long  period,  and  not  available  for  Professor  Joly's 
calculation. 

FlMduaHofM. — An  inverse  relation  undoubtedly  exists  between 
the  soluble  contents  of  a  river  (including,  of  course,  sodium 
compounds)  and  the  amount  of  water  in  it  in  Summer  and  Winter. 
In  all  the  great  rivers  subject  to  flood  the  variation  must  be 
enormous;  in  the  case  of  the  Nile  it  amounts  to  400  per  cent 
As  far  as  I  can  learn,  these  fluctuations  have  not  been  taken  into 
account 

Coming  once  more  to  the  numerator:  Mysteries  hang  over  it. 
The  composition  of  the  sea  is  not  what  one  would  expect  with  the 
precise  conditions  of  solvent  denudation  required  by  Professor  Joly's 
speculations.  For  instance,  one  looks  for  huge  proportions  of  nitrate 
in  it ;  sea  analyses  show  practically  none.  Again,  the  chlorine  in  it 
multiplied  by  a  known  factor  is  a  measure  of  its  sodium  contents, 
but  the  same  factor  does  not  apply  to  average  river  water.  These 
are  not  matters  of  opinion  but  of  fact.  What  becomes,  then,  of 
Dr.  Joly's  "constancy  in  the  nature  and  rate  of  solvent  actions 
going  on  over  the  land  surfaces  "  (Trans.  Boy.  Soc.  Dublin,  ser.  n, 
vol.  vii,  p.  24)  ? 

Too  much  space  and  time  would  be  required  for  me  to  deal  with 
the  second  half  of  Professor  Joly's  November  article.  I  may, 
however,  be  permitted  to  observe  that  he  appears  to  me  to  tilt  at 
an  irrefragable  law  of  solution,  and  then  only  saves  his  lance  from 
being  utterly  shattered  by  an  adroit  swerve. 


I. — NoTB   ON  THE  Gahbbian  Fossils  OP  St.   Fbak(X)is  County, 
MissoTJBi.    By  Professor  G.  E.  Beeohsb.^ 

THE  small  collection  of  fossils  submitted  to  the  writer  by  F.  L. 
Nason,  for  identification,  is  interesting,  especially  as  it  determines 
the  geological  horizon  of  an  extensive  series  of  limestones,  sandstones, 
oonglomerates,  etc.,  in  south-eastern  Missouri,  the  age  of  which  has 
hitherto  been  somewhat  in  doubt.  Also,  since  these  strata  are 
intimately  associated  with  the  lead-bearing  rocks  of  this  region,  the 
identification  has  considerable  economic  value. 

It  is  stated  by  Arthur  Winslow,  in  a  paper  on  **  The  Disseminated 
Lead  Ores  of  South-Eastem  Missouri "  '  (p.  11),  that  although  these 
rocks  are  placed  in  the  Lower  Silurian  **  The  possibility  still  remains 
that  there  may  be  a  faunal  break  which  will  admit  of  some  of  the 
lower  strata  being  classed  as  Cambrian,  though  there  is  nothing  in 

^  Beprinted  from  Silliman's  American  Journal  of  Science  for  Norember,  1901, 
pp.  862-866. 

>  Bulletin  No.  132  of  the  United  States  Geological  Suryey,  1896. 
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the  stratigraphy  to  suggest  it  This  most,  therefore,  be  left  to  the 
palsdontologists,  and  owing  to  the  dearth  of  fossils  the  problem  is 
not  an  easy  one  for  them  to  solve."  In  volume  ix  of  the  Missouri 
G^logioal  Survey  (pt  iv,  p.  62,  Keyes,  1895)  the  Frederioktown 
dolomite  (=St  Joseph  limestone)  is  referred  to  the  Upper  Cambrian 
on  aooount  of  the  presence  of  Lingulella  Zamhomi  (Meek),  bot  sinoe 
this  species  is  peculiar  to  the  horizon,  and  the  genus  has  a  mudi 
wider  range,  this  correlation  is  not  established.  A  general  statement 
is  made  by  Reyes  regarding  this  region  (l.c.,  p.  44)  that  ''No  strata 
younger  than  the  Cambrian  are  believed  to  be  represented.  But 
few  fossils  have  been  found  in  the  rocks  of  the  area,  so  that  the 
faunal  evidence  as  to  geological  age  is  somewhat  meagre."  The 
present  collection  of  fossils,  made  by  Mr.  Nason,  indicates  that  the 
entire  series  is  older  than  the  Lower  Silurian  (Ordovician),  and  that 
at  least  the  upper  portion  probably  belongs  to  the  Upper  Cambrian. 
All  but  one  species  of  the  fossils  were  obtained  ftom  the  lower 
members  of  the  Potosi  limestones,  and  sinoe  this  is  the  topmost 
formation  of  this  region  its  correlation  is  of  the  first  impedance. 
The  fossils  occur  abundantly  in  the  limestone  and  conglomerate 
beds,  and  more  sparsely  in  the  sandstones.  They  consist  chiefly 
of  fragments  of  trilobites,  with  a  few  brachiopods  and  other  forms. 
Lithologically,  there  is  a  very  close  resemblance  between  these 
fossil-bearing  beds  and  those  of  a  similar  horizon  in  the  Black  Hills 
of  South  Dakota.  Limestones,  limestone  conglomerates,  and  sand- 
stones of  the  same  appearance  are  found  in  both  sections.  Faunally, 
there  is  a  suggestion  of  afiSnity  with  the  Potsdam  fauna  of  Wisconsin 
and  Texas.  A  careful  comparison,  however,  reveals  that  these 
resemblances  are  more  general  than  specific,  and  that  the  species 
seem  to  be  distinct  Nevertheless,  the  facies  of  this  fauna  seems 
to  indicate  Upper  Cambrian,  though  further  studies  with  additional 
material  may  show  it  to  belong  to  the  middle  member. 

Owing  to  the  small  number  of  specimens  in  the  present  collection, 
the  number  of  species  is  necessarily  limited.  It  will  doubtless  be 
considerably  increased  by  future  collections.  Among  the  trilobites 
the  genera  Piychoparia,  Ptychaspia,  Chariocephalus,  and  Cr^eephahu 
are  more  or  less  clearly  identifiable.  A  species  of  Chartocephak» 
closely  agrees  with  the  C.  onmius  of  Whitfield. 

The  species  of  brachiopods  seem  to  be  fairly  abundant,  especially 
an  orthoid  shell  resembling  in  some  respects  £Hling$elku  It  ooours 
in  the  shaly  partings  between  the  layers  of  limestone.  A  species 
of  Acrotreta  and  ZingtdeUa  are  common  both  in  the  limestones  and 
arenaceous  beds. 

HyoUthea  primordiaUs,  Hall,  and  a  small  species  of  Platyeeras  also 
occur  in  the  limestones,  together  with  segments  of  oystidean  or 
orinoidal  columns. 

Abundant  remains  of  a  linguloid  shell  are  found  on  the  lower, 
or  La  Motte,  sandstones  constituting  the  basal  member  of  the  dastio 
rooks  of  the  section.  Making  allowances  for  different  conditions 
of  preservation,  this  species  may  be  identified  with  the  IdnguUUa 
Lambami  of  Meek,  which  occurs  in  some  green  shales  of  the  same 
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age  in  Madison  County,  a  little  farther  sooth.  In  the  absence  of 
other  evidence  the  diagnostic  value  of  this  brachiopod  is  very  slight, 
and  it  is  impossible  to  say  whether  the  Bonne  Terre,  or  St  Joseph, 
limestones  and  the  La  Motte  sandstones  represent  Lower  Oambrian 
terranee  or  whether  they  with  the  Potosi  all  belong  to  the  Middle 
or  Upper  Oambrian. 

The  important  point  of  this  correlation  is  that,  upon  palsdontological 
evidence  which  has  hitherto  been  largely  wanting,  an  extensive  area 
and  thickneto  of  sedimentary  rocks  are  definitely  placed  in  the 
Cambrian. 


II. — DiSOOVBBT    or     EUBTPTKBID     RSMAINS     IN    THE    CaMBBIAN    OW 

MissouBi.    With  an  Illustration.    By  Prof.  C  E.  Bbbcheb, 

THE  wonderful  development  of  Merostomes  in  various  parts  of 
the  world  at  about  the  close  of  the  Silurian  has  long  been 
recognized,  and  the  suddenness  of  their  appearance  out  of  an 
apparently  dear  Palsdozoic  sky  has  been  a  matter  of  considerable 
speculation.  Almost  at  the  same  instant  of  time  there  appeared  on 
the  geologic  horizon  a  marvellous  assemblage  of  these  ancient 
arthropods.  A  very  few  scattering  forerunners  are  known  from 
older  rocks,  but  most  of  them  are  small  and  strange  creatures,  little 
resembling  the  characteristic  ^r^teni«  and  Pterygotus  of  the  Upper 
Silurian,  and  in  fact  belonging  to  other  orders  thaji  the  Merostomata. 

In  North  America  the  known  genera  and  species  of  the  order 
Eurypterida  belong  almost  exclusively  to  the  Waterlime  group 
(Bondout)  above  the  Salina  beds.  Dr.  John  M.  Clarke^  has 
recently  announced  the  discovery,  by  Mr.  C.  J.  Sarle,  of  a  new 
Eurypterid  fauna  at  the  base  of  the  Salina,  which  carries  this  peculiar 
biologic  facies  one  comparatively  brief  stage  further  back.  Evidences 
of  stUl  older  forms  are  very  meagre.  A  single  species  of  Eurypiems 
(E,  prominens,  Hall)  is  referred  to  the  Clinton  beds  of  the  Silurian 
with  considerable  doubt  The  next  indication  of  a  greater  antiquity 
of  this  order  consists  of  a  fragment  of  an  abdominal  segment  and 
a  single  jointed  limb,  from  the  Utica  slate  of  New  York,  described 
by  C.  D.  Walcott'  as  Echinognathus  Clevdandi. 

It  is  therefore  of  considerable  interest  and  importance  that  a  new 
and  much  older  horizon  for  the  Eurypterida  can  now  be  chronicled. 

Mr.  Arthur  Thacher,  President  of  the  Central  Lead  Company 
of  Missouri,  formerly  a  professor  in  Washington  University,  found 
a  nearly  entire  specimen  of  a  new  Eurypterid  in  the  Potosi  limestone 
of  St  Francois  County,  and  through  his  generosity  and  the  kindly 
interest  of  Mr.  Frank  L.  Nason  the  specimen  was  transmitted  to 
the  Yale  University  Museum.  Owing  to  the  supposed  scarcity  of 
fossils  in  the  Potosi  and  St  Joseph  terranes  of  Missouri,  Uieir 

^  Notes  on  Paleozoic  CrustaceanB.  N.T.  State  Miuenm,  Report  of  the  State 
Paleontologist  for  1900.     1901. 

'  Descri^on  of  a  new  genns  of  the  Order  Eurypterida  from  the  Utica  Slate. 
SjUiBan's  Jonmal  (3),  vol.  xxiii,  1882. 

DBCADB  rV. — ^TOL.  THI. — ^KO.  XII.  36 
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oorrelation  was  long  a  matter  of  nnoertainty,  until  Mr.  Nason 
described  certain  horizons  bearing  an  abundant  and  characteristic 
Cambrian  fauna. 

The  specimen  here  described  at  once  suggests  the  familiar  and 
well-known  genus  Eurypterus,  and  only  when  its  characters  are 
studied  in  connection  with  its  geological  occurrence  is  it  apparent 
that  its  differences  are  of  sufficient  importance  to  warrant  its  generic 
separation.  The  specimen  represents  nearly  the  entire  dorsial  test 
of  the  animal,  and  consists  of  the  cephalothorax  with  the  abdominal 
segments,  including  the  telson  or  tail-spine. 


Stralnpi  Thacherif  Beecher. — Dorsal  aspect  of  type-specimen^  \.    Potoa  Limestooe 
/n — v_--_x     g^   Fraii9oiB  County,  Missouri.    Original  in  Yale  Uniyeraity 


The  cephalothorax  is  comparatively  shorter  and  wider  than  in 
Eurypterus,  the  eyes  are  further  forward,  nearer  together,  and  more 
oblique,  and  besides  the  telson  but  eleven  abdominal  somites  can 
be  determined  on  the  dorsal  side,  instead  of  twelve  as  in  Eurypterus. 


Digitized  by  VjOOQ IC 


Professor  C,  E.  Beecher — Eurypterus  in  the  Cambrian.    563 

These  differences  are  oonsidered  as  indicatiye  of  a  new  genos,  and 
it  is  proposed  to  recognize  this  type  under  the  name  Strahops,  nov. 
gen.,  with  8trahop$  Thaeheri,  n.sp.,  as  the  type  species.  The  generic 
name  is  in  allasion  to  the  inward  turning  or  squinting  of  the  eyes 
(<rr/»a/3o9  *  squinting '  and  oylri9  *  face '). 

Doubtless  many  generic  differences  will  appear  when  the 
appendages  of  this  type  are  obtained*  The  differences  in  the 
characters  available  for  ^comparison  are  quite  as  great  as  between 
Eurypterus  and  Dolichopierus,  StylonuruSf  Anthraconectes,  or 
Eusareus.  This,  taken  with  the  fact  that  practically  all  the 
Cambrian  genera,  especially  the  more  highly  organized  types, 
became  extinct  long  before  the  Upper  Silurian,  lend  support  to 
the  conclusion  that  Strahops  is  generically  distinct  from  any  hitherto 
known  form. 

Stbabops  Thaohbbi,  gen.  et  sp.  nov. 

Body  broadly  ovate  in  general  outline  exclusive  of  the  telson, 
slightly  convex  in  the  specimen,  though  probably  quite  arched  both 
transversely  and  longitudinally  in  life,  as  indicated  by  the  outline 
of  the  separate  segments. 

Cephalothorax  short  and  broad,  length  less  than  one-half  the 
width,  anterior  and  lateral  margins  regularly  rounded,  posterior 
margin  gently  curved  in  the  middle  and  turning  obliquely  forward 
toward  the  genal  extremities,  which  are  obtusely  angular. 

Eye$  medium-sized,  ovate,  narrow  ends  pointing  obliquely  inward, 
situated  in  the  middle  of  the  anterior  half  of  the  cephalothorax, 
distant  about  the  length  of  one  eye,  connected  anteriorly  by  a  distinct 
arched  line  or  fold.  The  eye  tubercles  are  mostly  exfoliated,  and 
their  convexity  and  surface  cannot  be  determined.  Ocelli  indicated 
by  two  spots  midway  between  the  eyes. 

Abdomen.  The  dorsal  side  shows  eleven  segments  exclusive 
of  the  telson.  The  axis  in  the  specimen  is  slightly  convex,  and 
slopes  off  into  the  nearly  flat  pleural  region  without  any  line  of 
demarkation.  The  greatest  width  is  across  the  third  segment  The 
extremities  of  the  segments  are  rounded  anteriorly  and  on  the  sides, 
and  terminate  behind  as  a  simple  angulation.  The  first  six  segpnents 
are  quite  uniform  in  length,  while  the  three  following  are  somewhat 
shorter,  and  the  last  two  are  a  little  longer. 

TeUon  a  broad  flat  spine,  obtusely  elevated  along  the  middle. 

Surface  smooth,  with  an  indication  of  a  row  of  minute  crenulations 
or  scale-like  markings  near  the  posterior  edge  of  each  segment. 

Dimensions. — Greatest  length  of  specimen  110  mm.,  length  ex- 
clusive of  telson  82  mm. ;  greatest  width,  allowing  for  compression 
on  left  side,  60  mm.  ;  length  of  cephalothorax  20  mm.,  width 
49  mm. ;  greatest  width  of  telson  17  mm. 

Formation  and  locality. — From  the  lower  members  of  the  Potosi 
limestone.  Flat  Biver,  St.  Fran9ois  County,  Missouri. 

The  only  known  genus  of  merostomes  besides  Strahops  occurring 
in  the  Cambrian  is  Aglaspis,  Hall,  represented  by  two  species 
(A.  Barrandi  and  E.  Eatoni,  Whitf.).    But  since  Aglaspis  belongs 
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to  the  order  Synxiphosura,  it  leaves  Strabops  as  the  present  sole 
representatiye  of  the  Eurypterida.' 

IIL — On  thb  Anatomy  of  Todba,  with  an  Account  of  thk 
Oboloqical  History  of  Osmundackjb.  By  A.  C.  Sewabd, 
F.B.S.,  and  Miss  Sybills  O.  Fobd.' 

rS  anatomical  structure  of  the  genus  Osmwida  has  been  dealt 
with  by  several  writers,  and  more  particularly  by  Zanetti  in 
an  able  paper  published  in  the  Botamsche  Zeitung  for  1895,  but 
the  other  genus  of  the  Osmundaoesd  has  not  received  equal  attention 
at  the  hands  of  anatomists.  Our  work,  which  was  undertaken  with 
a  view  to  discover  in  what  respects  Todea  differs  from  Osmtmdctt 
includes  the  examination  of  Todea  harbara  and  T.  »uperha,  as  well  as 
the  investigation  of  series  of  microtome  sections  of  young  plants. 
The  family  OsmundacesB  is  usually  regarded  as  to  some  extent 
intermediate  between  the  Eusporangiate  and  Leptosporangiate  fems,^ 
and  in  many  respects  the  two  genera  Osmunda  and  Todea  are  of 
interest  in  regard  to  the  phylogeny  of  the  various  divisions  of  the 
Filicinse. 

The  stem  of  Todea  harbara  is  traversed  by  a  single  stele  composed 
of  xylem  groups  surrounding  a  central  pith  and  separated  from  one 
another  by  medullary  rays :  these  groups  vary  considerably  in  sht^ 
and  number  at  different  levels.  There  may  be  as  few  as  two  or  aa 
many  as  eight  xylem  strands  in  one  transverse  section  of  the  stem, 
while  in  Oamunda  regalis  the  number  is  considerably  mater.  The 
xylem  strands  are  surrounded  by  parenchyma,  and  the  sieve-tube 
zone  occupies  the  same  position  as  in  Osmunda,  This  zone,  which 
is  continuous  in  0.  regjalia,  is  occasionally  discontinuous  in  Todea 
opposite  some  of  the  xylem  strands.  The  comparatively  large 
sieve-tubes  occur  in  triangular  patches  at  the  outer  end  of  each 
medullary  ray.  A  characteristic  band  of  tangentially  elongated 
elements  eucceeds  the  sieve-tube  zone,  and  this  is  followed  externally 
by  a  parenchymatous  band,  the  outermost  layer  of  which  constitutes 
the  endodermis.  The  paper  deals  with  the  phyllotaxis  of  Todea 
harbara,  the  origin  of  the  leaf-traces,  and  the  gradual  alteration  in 
structure  which  the  collateral  leaf-trace  undergoes  as  it  passes  out 
from  the  stele  of  the  stem  as  a  horseshoe-shaped  strand  with  one 

Erotoxylem  group,  and  gradually  assumes  the  form  of  the  broadly 
I -shaped  concentric  stele  of  the  petiole  with  its  numerous  proto- 
xylem  groups.  The  anatomy  of  'seedling'  plants  of  Todea  is 
found  to  agree  with  that  of  Osmunda  regalis  plantlets  as  described 
by  Lederc  du  Sablon.     As  bearing  on  the  questions  of  relative 

^  Althotigh  AffUupia  was  compared  with  JAmtUut  by  Professor  Hall,  and  its 
affinities  were  distinctly  stated  as  with  the  Merostomata,  yet  most  subsequent 
writers  haye  oyerlooked  its  true  relationships  and  have  included  it  in  their  lists 
of  tiilobite  genera.  The  family  named  A^taspld®  was  first  employed  in  1877  by 
8.  A.  Miller  in  **  The  American  Paheozoic  Fossils,"  p.  208,  and  the  restorstioii 
of  the  family  to  the  Merostomata  was  first  made  by  the  writer  in  a  pwer  entitied 
«*  Outline  of  a  Natural  Classification  of  the  Trilobites  "  (Silliman's  Journal  (4)» 
vol.  iii,  p.  182,  1897). 

*  Read  before  the  British  Association,  Section  C  (Geology),  Glasgow,  Sept.,  1901. 
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antiquity  and  phylogeny  of  the  members  of  the  Filioes,  we  have 
endeavoured  to  give  an  aooount  of  the  geologioal  history  of  the 
Osmundaoeas. 

rV. — Plants  and  Coleopteba  from  a  Deposit  of  Pleistocene  Age 
AT  WoLVEBGOTE,  OxFOBDSHiBE.    By  A.  M.  Bbll,  M.A.,  F.G.S.^ 

PLANT  remains  of  Pleistocene  time  are  of  great  rarity  in  England* 
The  two  most  important  series  which  have  been  described  are 
from  Hoxne,  in  Suffolk,  obtained  by  Mr.  Olement  Beid,  F.B.S.,  and 
Mr.  H.  N.  Bidley  (Geol.  Mag.,  1888,  p.  441),  and  from  North 
London  by  Mr.  Worthington  G.  Smith. 

There  is  in  these  remains  a  singular  difference.  Of  twenty-eight 
plants  obtained  at  Hoxne  three  are  Arctic  (^Sdlix  polaris  and  wyru* 
niieSf  Betula  nana) ;  seventeen  range  to  the  Arctic  Circle.  At  Stoke 
Newington,  on  the  contrary,  Mr.  W.  J.  Smith  obtained  the  elm,  ihe 
chestnut,  clematis,  and  perhaps  the  vine.  Only  three  out  of  eleven 
plants  reach  the  Arctic  Circle.  The  pine,  the  alder,  birch,  and  yew, 
with  the  royal  fern,  were  more  in  hannony  with  the  present  and  the 
past  floras.  In  the  author's  opinion  the  Stoke  Newington  flora 
represents  a  much  later  age  of  Pleistocene  time  than  the  Hoxne 
flora.  The  conditions  were  continental,  and  the  flora  of  the  south 
was  gaining,  while  the  Arctic  flora  was  disappearing. 

Theplants  as  yet  identified,  by  the  kindness  of  Mr.  Clement  Beid, 
from  Wolvercote  resemble  those  found  at  Stoke  Newington  more 
than  those  at  Hoxne.  This  is  in  harmony  with  the  writer's  view 
that  the  Wolvercote  deposit  is  of  late  Pleistocene  age,  nearer  to  the 
Stoke  Newington  than  to  the  Hoxne  deposit 

Eighteen  plants  obtained  by  the  author  are  given.  All  of  them 
are  found  in  Oxfordshire  to-day.  Eight  only  have  an  extension  to 
the  Arctic  Circle.  Four  mosses  have  been  obtained,  one  of  which 
is  certainly  recent.  A  considerable  number  of  the  wing-cases  of 
beetles  have  also  been  found.  These  are  difficult  to  identify,  but 
the  genus  of  one,  remarkable  by  its  rows  of  hairs,  has  been  named 
by  Mr.  Waterhouse,  of  the  Natural  History  Department  of  the 
British  Museum.  Only  one  of  the  genus  is  now  found  in  England, 
and  that  is  different  from  the  Wolvercote  species.  On  the  other 
hand  the  genus  is  common  on  the  Continent 

These  facts,  coupled  with  those  from  Stoke  Newington,  tend  to 
the  conclusion  that  in  late  Pleistocene  time  the  climate  of  the 
Thames  Valley  was  more  continental  than  it  is  at  present 

y.  —  Becsnt    Disoovebies    in   Abban   Geology.      By    William 

GuNN,  of  H.M.  Geological  Survey  of  Scotland.^ 

(Commmiicated  with  the  pennission  of  the  Director  of  the  Geological  Sonrey.) 

IN  the  last  ten  years  very  important  additions  have  been  made  to 
our  knowledge  of  the  geology  of  Arran  both  in  the  aqueous  and 
in  the  igneous  rocks  of  the  island. 

Among  the  older  rocks  a  series  of  dark  schists  and  cherts  has  been 

discovered  in  North  Glen  Sannox.     They  are  probably  of  Arenig 

^  Read  before  the  BritiBh  Association,  Section  C  (Geology),  Glasgow,  Sept.,  1901. 
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age,  though  no  organic  remains  have  been  found  in  them,  are  olosely 
related  to  the  rocks  of  Ballantrae  in  Ayrshire,  and  similar  beds 
occur  in  yarions  places  along  the  Highland  border,  where  they  have 
been  described  by  Messrs.  Barrow  and  Clough.  In  the  Isle  of  Arran 
these  rocks  are  intimately  connected  with  the  Highland  schists. 

The  Old  Bed  Sandstone  of  Arran  has  been  found  to  comprise  two 
Subdivisions,  and  in  North  Glen  Sannox  the  upper  division  lies 
unconformably  on  the  lower.  This  formation  is  not  confined  to  the 
ground  north  of  the  String  road,  as  generally  supposed,  but  extends 
in  places  three  miles  to  the  south  of  that  road,  being  well  developed 
in  the  Olachan  Glen,  where  it  is  much  metamorphosed  by  intrusive 
igneous  rocks.  No  fossils  have  been  found  in  the  Old  Bed  Sandstone 
of  Arran  except  Pailophyton  princeps,  specimens  of  which  have  been 
obtained  from  the  lower  division  in  Glen  Shurig. 

The  Carboniferous  formation,  fine  sections  of  which  occur  on  the 
shore  at  Corrie  and  at  Laggan,  is  now  known  to  occupy  but  a  small 

Srtion  of  the  area  of  the  island.  Near  Brodick  Castle  and  in  Glen 
urig  its  width  of  outcrop  is  not  much  more  than  200  yards,  and  it 
does  not  reach  the  western  shore,  being  overlapped  in  the  interior 
by  unconformable  beds  of  New  Bed  Swdstone.  Beds  probably  of 
Goal-measure  age  with  characteristic  Upper  Carboniferous  fossils 
have  been  recognized  at  Sliddery  Water  Head,  Corrie,  The  Cook, 
and  in  various  other  places,  but  these  have  no  great  thickness  and 
contain  no  seams  of  coal.  They  represent  apparently  the  basement 
beds  of  the  Coal-measures. 

The  stratified  rocks  of  the  southern  part  of  the  island,  consisting 
of  red  sandstones,  conglomerates,  and  marls,  have  been  proved  to 
repose  unconformably  on  the  Carboniferous  formation,  and  in  places 
they  contain  derived  pebbles  with  Carboniferous  fossils.  All  the 
evidence  points  to  their  being  of  Triassic  age,  and  they  may  easily 
be  divided  into  two  series,  the  lower  of  which  probably  represents 
the  Bunter  Sandstone  and  the  upper  the  Keuper  marls.  These 
Triassic  rocks  occupy  the  whole  of  the  coast  from  Corrie  southwards, 
around  the  south  end  of  the  island,  and  the  west  coast  up  to  Machrie 
Bay,  where  they  appear  to  lie  conformably  on  the  Old  Be^  Sandstone. 
They  also  form  a  small  area  in  the  north-eastern  part  of  the  island 
near  The  Cock. 

That  still  more  recent  formations  once  existed  in  the  island, 
whence  they  have  been  removed  by  denudation,  is  proved  by  the 
presence  of  fragments  of  Bbsstic,  Liassio,  and  Cretaceous  rocks  in 
a  large  volcanic  vent  which  is  probably  of  Tertiary  age.  These 
fragments  occur  on  the  western  side  of  the  island  in  the  district  of 
Shisken,  on  the  slopes  of  Ard  Bheinn,  and  they  have  yielded  a  con- 
siderable number  of  characteristic  fossils  which  have  been  examined 
and  determined  by  Mr.  E.  T.  Newton. 

Some  of  the  most  important  of  the  discoveries  are  those  connected 
with  the  old  volcanic  rocks  of  the  island.  A  series  of  interbedded 
lavas  and  tuffs  is  found  in  North  Glen  Sannox  associated  with 
the  schists  and  cherts  previously  mentioned.  Like  them  they  are 
probably  of  Arenig  age,  and   closely  related   to  similar  rooks  at 
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Ballantrae  in  AvrBhire.  Two  distinot  voloanio  platforms  have  been 
found  in  the  Old  Bed  Sandstone  of  the  island.  One  set  of  basio 
lavas  is  intercalated  in  the  lower  division  on  the  west  side  of  the 
island,  and  another  oocnrs  in  the  upper  division  of  the  North  Glen 
Sannox.  In  addition  to  the  voloanio  series  previously  known  in  the 
Lower  Carboniferous  rooks  two  others  have  been  discovered  in  the 
upper  part  of  the  formation.  That  the  island  was  the  seat  of  voloanio 
activity  in  times  still  more  recent  is  proved  by  the  recognition  of 
a  large  volcanic  vent  in  the  Shiskin  district,  which  must  be  of 
post-Cretaoeous  age,  as  shown  by  some  of  the  fragments  it  includes. 
From  these  facts  we  conclude  that  the  island  has  been  the  scene  of 
volcanic  action  at  no  less  than  seven  different  periods. 

Much  has  also  been  learned  with  regard  to  the  distribution  and 
age  of  the  various  intrusive  igneous  rocks.  Two  masses  of  a  some- 
what intermediate  character  found  in  Glen  Bosie  and  in  Glen  Sannox 
are  probably  of  Old  Bed  Sandstone  age,  but  nearly  the  whole  of  the 
varied  igneous  rocks  of  the  island  must  now  be  assigned  to  the 
Tertiary  period,  not  excepting  the  well-known  granite  mass  of 
the  northern  part  of  the  island.  The  finer  granite  which  occupies 
the  interior  of  the  nucleus  has  a  tortuous  boundary.  It  is  clearly 
intrusive  in  the  coarse  granite  which  surrounds  it,  but  both  belong 
practically  to  the  same  period,  as  they  have  one  and  the  same  system 
of  jointing. 

The  ring  of  granite,  granophyre,  and  quartz  diorite  which  sur- 
rounds the  large  volcanic  vent  was  previously  little  known,  and 
the  other  numerous  and  varied  intrusive  masses,  both  acid  and 
basic,  which  occur  in  the  island  were  but  poorly  represented  on 
existing  maps. 

VI. — Om  the  Cbtstallinb  Sohists  of  the  Southbbn  Hiqhlakds; 

THSIB     PhTSIOAL     StSUOTUBK     AND     PbOBABLK     MaNKKB    OF 

Dkvelopmbnt.    By  Pstsb  Maomaib.^ 

f  pH£  area  under  notice  is  defined  as  that  lying  immediately  to  the 
X  north-west  of  the  great  boundary  fault  which  crosses  Scotland 
from  the  Firth  of  Olyde  to  Stonehaven.  An  account  is  then  given 
of  the  various  opinions  that  have  been  held  concerning  the  structure 
of  this  region  since  the  time  of  Macculloch  up  to  the  present  day. 
The  author  then  proceeds  to  show  that  the  schist  zones  traverse  this 
region  in  roughly  parallel  bands,  and  described  a  series  of  sections 
at  right  angles  to  the  strike  of  the  principal  foliation  of  the  area. 
The  following  is  a  summary  of  the  author's  conclusions  regarding 
the  stratigraphy,  physical  structure,  and  the  manner  of  development 
in  this  part  of  the  Scottish  Highlands : — 

1.  The  sedimentary  schists  of  the  Highlands  proceeding  from  the 
margin  inwards  may  be  divided  into  the  following  zones : — Lower 
Argillaceous  zone,  Lower  Arenaceous  zone.  Loch  Tay  Limestone 
zone,  Gametiferous  Schist  zone,  Upper  Argillaceous  zone,  Upper 
Arenaceous  zone.     Associated  with  these  are  schists  of  igneous 

^  Bead  before  the  British  Association,  Section  C  (6e<dogy),  Glasgow,  Sept.,  1901. 
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origin.     It  is  probable  that  these  zonee  are  capable  of  still  farther 
subdiyision,  bat  this  is  not  attempted  as  yet 

2.  From  an  examination  of  the  reliJtionships  of  these  different 
zones,  the  order  as  given  above  appears  to  be  an  ascending  one, 
proceeding  from  the  margin  inwards,  the  well-marked  zone  known 
as  the  Loch  Tay  Limestone  forming  a  sort  of  datum-line,  from  which 
one  can  recognize  the  positions  of  the  lower  and  apper  sdiists. 

3.  It  is  supposed  that  the  movements  which  plicated  the  nnda  of 
the  Highlands  were  directed  from  the  centre  outwards,  or  from  the 
north-west  towards  the  south-east  This  is  shown  by  the  fact  that 
where  the  bedding  can  be  traced  the  overfolding  is  generallj 
towards  the  south-east  Also  the  foliation,  where  it  has  been 
observed,  faces  in  the  same  direction. 

4.  In  the  eastern  part  of  the  r^on  we  suppose  that  the  beds 
have  been  folded  into  a  series  of  isoclines  facing  the  south-east,  and 
that  foliation  has  been  developed  roughly  parallel  to  the  axes  of 
the  folds  in  the  bedding,  thus  making  the  foliation  appear  to  be 
roughly  coincident  with  the  original  planes  of  stratificxttion.  At 
Comrie,  in  Perthshire,  the  axes  of  the  isoclines  in  the  bedding  are 
nearly  vertical,  but  with  a  slight  hade  towards  the  north-west  The 
axes  of  the  isoclines  get  gradually  lower  and  lower  as  we  proceed 
towards  Loch  Tay.  In  the  same  way  the  foliation  planes  are  nearly 
vertical  along  the  frontier,  but  get  flatter  and  flatter  as  we  proceed 
northwards. 

6.  In  tracing  these  rooks  towards  the  south-west  an  increasing 
crumpling  and  folding  of  the  foliation  planes,  accompanied  by  more 
intense  metamorphism,  is  seen  to  take  place :  this  is  made  evident 
in  approaching  the  shores  of  Loch  Katrine  and  Loch  Lomond,  but  it 
seems  to  have  reached  its  maximum  in  Cowal. 

6.  In  Cowal,  along  the  Firth  of  Clyde,  the  position  of  the  foliation 
planes'  has  been  reversed,  now  dipping  towards  the  south-east 
Between  the  Firth  of  Clyde  and  Loch  Fyne  the  foliation  planes 
have  been  much  crumpled,  and  still  later  divisional  planes  have 
been  developed  in  them,  this  being  a  region  of  the  most  intense 
metamorphism. 

Vn.— The    Soubob    of   Wabp    in    the    Humbbb.      By  W.   H. 
Whesleb,  M.In8tC.£.' 

IT  has  frequently  been  stated  that  the  mud  or  warp  in  suspension 
in  the  Humber  is  derived  from  the  erosion  of  me  clif&  on  the 
Yorkshire  coast,  and  the  object  of  the  paper  is  to  show  that  it  is 
physically  impossible  for  the  detritus  eroded  from  those  cliffs  to  be 
carried  into  the  Humber,  and  that  the  material  in  suspension  in  the 
water  is  derived  from  detritus  washed  off  the  land  drained  by 
the  Humber  and  its  tributaries  or  eroded  from  their  banks.  The 
drainage  basin  of  the  Humber  covers  10,500  square  miles,  and 
embraces  strata  of  various  kinds  of  rocks,  including  estuarine 
deposits,  glacial  drifts,  chalk,  sandstone,  and  oolites. 
The  water  in  the  zone  extending  around  the  junction  of  the  Trent 
1  Bead  before  the  British  Aaeodation,  Section  C  (Gecdogy),  Oliagow,  Sept.,  1901. 
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and  the  Ouse  with  the  Humber,  extending  over  a  length  of  thirty- 
five  miles,  is  very  highly  charged  v^ith  solid  matter  in  suspension, 
the  maximum  quantity  being  attained  in  the  Summer,  when  the 
downward  flow  of  the  fresh  water  is  at  a  minimum,  the  quantity 
then  in  suspension  amounting  to  as  muoh  as  2,240  grains,  or  nearly 
the  third  in  a  oubic  foot  of  water.  Above  and  below  this  zone  the 
quantity  diminishes  to  262  grains  up  the  river  Trent  and  202  grains 
near  the  Albert  Dock  at  Hull,  whUe  off  Spurn,  at  the  entrance  to 
the  river,  there  is  no  mud  in  suspension,  but  only  a  few  grains 
of  clean  sand.  The  floor  of  the  North  Sea  at  the  entrance  is  covered 
with  clean  sand  and  shells,  the  beach  up  to  Grimsby  also  being 
•covered  with  sand. 

The  solid  matter  in  suspension  is  derived  from  the  detritus  washed 
off  the  land  and  poured  into  the  river  when  freshets  occur,  or  from 
the  erosion  of  the  banks  of  the  river  and  its  tributaries.  The  greater 
quantity  that  prevails  in  the  more  turbid  zone  is  due  to  the  material 
being  kept  in  a  state  of  oscillation  by  the  ebb  and  flow  of  the  tides 
when  the  quantity  of  fresh  water  flowing  down  is  not  sufficient  to 
carry  it  out  to  sea. 

The  average  quantity  of  solid  matter  contained  in  thirteen  other 
English  rivers  when  in  flood  is  200  grains  in  a  cubic  foot.  The 
average  rainfall  within  the  watershed  of  the  Humber  is  29*60  inches, 
of  which  10  inches  may  be  taken  as  the  quantity  due  to  such  rains 
as  produce  freshets.  With  these  figures  the  normal  total  quantity 
of  solid  matter  placed  in  suspension  in  fioods  may  be  put  at  three 
million  tons  in  a  year.  A  portion  of  this  is  carried  out  to  sea 
in  heavy  freshets,  and  the  rest  remains  in  the  river  in  a  state  of 
oscillation. 

The  tendency  in  all  rivers,  whether  fresh  or  tidal,  is  for  material 
to  work  downward  under  the  laws  of  gravity.  The  same  quantity 
of  tidal  water  that  flows  into  the  river  has  to  flow  out  again,  but 
its  capacity  for  transporting  material  downwards  is  reinforced  by 
the  discharge  of  the  fresh  water. 

The  flood  current  in  the  Humber  runs  at  the  rate  of  four  miles 
an  hour,  and  its  duration  varies  from  six  hours  at  Spurn  to  two  and 
a  half  at  Gk)ole.  It  may  be  taken,  therefore,  that  a  particle  of 
solid  matter  entering  the  Humber  at  Spurn  Point  would  not  be 
carried  by  the  flood  tide  more  than  20  miles  up  the  river,  or  25  miles 
below  the  point  where  the  greatest  amount  of  solid  matter  is  held 
in  suspension.  On  the  turn  of  the  tide  it  would  be  carried  back 
again.  Allowing  for  the  greater  time  the  ebb  current  is  running 
above  the  junction  of  the  rivers  as  compared  with  the  flood,  the 
material  carried  down  on  the  ebb  is  73  per  cent,  greater  than  that 
oarried  up  on  the  flood. 

Taking  the  length  of  the  Holdemess  Oliffs  as  34  miles,  the 
average  height  at  12  yards,  and  the  mean  annual  loss  at  2^  yards, 
the  mean  quantity  falling  on  the  beach  is  about  If  million  cubic 
yards  a  year,  of  which  alK>ut  40  per  cent,  consists  of  stones,  gravel, 
and  coarse  sand,  leaving  less  than  a  million  cubic  yards  to  be 
washed  away.    The  foot  of  the  cliffs  is  only  reached  for  about  four 
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hours  at  higb-water  of  springs,  that  is,  by  260  tides  in  a  year, 
the  average  quantity  of  alluvial  matter  for  each  tide  being  3,728 
oubio  yards. 

The  drift  of  the  tidal  current  towards  the  Humber  lasts  Z\  hours, 
and  runs  at  a  velocity  of  2\  miles  an  hour ;  the  greatest  distance 
a  particle  of  solid  matter  put  in  suspension  at  the  point  of  mean 
distance,  20  miles  from  the  Humber,  could  be  carried  southward 
is  8f  miles ;  when  this  distance  is  reached  the  tide  would  turn  and 
the  particle  would  be  carried  northward  for  16  miles,  or  28  miles 
away  from  the  Humber. 

It  is,  however,  quite  improbable  that  a  particle  of  matter  placed 
in  suspension  at  the  foot  of  the  cliffs  could  ever  reach  the  main 
current  going  to  the  Humber.  Owing  to  the  Yorkshire  coast  being 
in  an  embay ment  the  main  tidal  current  does  not  approach  nearer 
the  coast  than  the  6-fathom  line,  or  a  mile  away  from  the  coast 
The  current  of  the  flowing  tide  sets  into  the  embayment  towards 
the  coast.  Even  if  a  particle  from  the  cliffs  could  overcome  this 
shoreward  set  and  traverse  the  water  contained  in  this  mile  of  water 
in  an  opposite  direction,  so  as  to  be  brought  into  the  main  southerly- 
going  current,  the  quantity  of  solid  matter  brought  into  suspension 
would  only  be  sufficient  to  supply  one  grain  to  14,000  cubic  feet 
of  water. 

It  is  evident  from  the  above  facts  that  it  is  not  possible  for  the 
detritus  from  the  Yorkshire  coast  to  reach,  much  more  to  be  carried 
up,  the  Humber. 

VIII.  —  Thb   Abtbsian    Watbb   in   the  State  op   Qubensiand, 
Australia.    By  B.  Logan  Jaok,  LL.D.,  F.Q.S.* 

THE  western  interior  of  Queensland  is  a  vast  area  of  magnificent 
pastoral  country,  but  is  not  endowed  with  a  sufficient  rainfall. 
In  1B81  the  author  had  reason  to  suspect  that  the  Cretaceous  rooks  of 
the  Western  Downs  afforded  conditions  favourable  for  the  discovery 
of  artesian  water.  Subsequently,  in  1885,  the  author  (then  (Govern- 
ment Geologist)  and  Mr.  J.  B.  Henderson,  hydraulic  engineer,  made 
a  study  of  the  area,  and  an  experimental  bore  was  put  down  which 
proved  a  success. 

From  Mr.  Henderson's  annual  report  for  1899-1900  it  appears 
that  up  to  June,  1900,  185  miles  of  boring  had  been  made  in  search 
of  artesian  water  in  the  district,  and  a  large  proportion  of  the  bores 
have  been  successful ;  and  though  the  artesian  water  does  not  folly 
compensate  for  the  lack  of  rain,  still  the  bores  have  already  produced 
an  important  change  in  the  conditions  of  life  in  the  interior. 

The  greater  part  of  the  western  interior  of  Queensland  is  composed 
of  soft  strata  of  Lower  Cretaceous  age,  consisting  of  clay-shales, 
limestones,  and  sandstones.  These  strata  are  so  disposed  that  the 
lower  members  of  the  series  crop  out  on  the  western  flanks  of  the 
coast  range,  where  not  only  is  the  elevation  of  the  surface  greater 
than  in  the  downs  to  the  west,  but  the  rainfall  is  also  comparatively 
abundant. 

^  Bead  before  the  Britiflh  Association,  Section  0  (Geology),  Glasgow,  Sept,  1901. 
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Along  the  eastern  margin  of  ihe  Cretaoeous  area  there  is  a  porous 
sandstone  of  great  thickness,  the  '  Bly  thesdale  Braystone,'  and  owing 
to  low  dip  the  oatcrop  of  this  permeable  stratum  occupies  a  belt 
from  five  to  twenty-five  miles  wide;  but  the  Braystone  finally 
disappears  beneath  the  argillaceous  and  calcareous  upper  members 
of  die  series  which  forms  the  surface  of  the  downs  to  the  west. 
Several  rivers  disappear  while  crossing  the  outcrop  of  the  Braystone, 
and  the  water  must  be  carried  in  it  beneath  the  clay-shales  of 
the  downs. 

The  outcrop  of  the  Braystone  is  concealed  over  part  of  the  area 
by  nearly  horizontal  tablelands  of  the  '  Desert  Sandstone,'  an  upper 
member  of  the  Cretaceous  formation  lying  unconformably  on  the 
lower  divisions.  It  is,  however,  also  of  a  permeable  nature.  The 
author  gives  an  estimate  of  the  water  which  should  penetrate  the 
Braystone,  and  suggests  the  probability  that  much  of  it  finds  an 
outlet  under  the  sea  in  the  Great  Australian  Bight  and  the  Qulf  of 
Oarpentaria. 

The  artesian  water  basins  are,  in  fact,  broken  basins,  and  the 
break  gives  rise  to  leakage  either  on  land  or  beneath  the  sea.  In 
places,  therefore,  the  water  rises  in  a  bore,  but  does  not  reach  the 
surface  owing  to  the  site  of  the  bore  being  higher  than  the  head  of 
pressure,  l^is  is  termed  '  sub-artesian  water,'  and  the  author  gives 
illustrations  of  both  artesian  and  sub-artesian  water  in  the  district 
in  question. 

I^  E  ^V"  I  E  ^W  S. 


Lbs  variations  db  lokgtjbub  des  Qlacibbs  dams  lbs  Bbqioms 
ABOTiQUBS  BT  BOBEALBS.  Par  Ghablbs  Babot.  (Extrait  des 
Archives  des  sciences  physiques  et  naturelles,  1899-1900.) 
pp.  230.  (Geneva  and  Bale :  Georg  &  Co.) 
fllHIS  is  the  latter  part  of  a  treatise  of  which  the  former  waa 
X  published  in  1897.  Since  that  date  much  additional  informa- 
tion has  appeared,  of  which  a  summary  is  given,  together  with  the 
conclusions  to  which  the  author  has  been  led.  These  are : — (1)  Prior 
to  the  eighteenth  century  the  glaciers,  as  proved  by  documentary 
evidence  in  Norway  and  Iceland,  and  made  highly  probable  bXbo 
in  Jan  Mayen  and  Spitzbergen,  were  much  less  extensive  than  they 
are  at  the  present  day,  and  this  minimum  condition  had  lasted  for 
centuries.  (2)  During  the  eighteenth  century,  as  well  as  in  the 
earlier  years  of  the  nineteenth,  a  very  great  extension  (une  erue 
enarme)  occurred,  which  was  general  throughout  the  Northern 
Hemisphere.  In  the  course  of  this  the  glaciers  invaded  regions 
which  had  been  free  from  ice  during  historic  times.  Of  this,  in 
Greenland,  Jan  Mayen,  Iceland,  Norway,  and  Alaska,  in  some  cases 
there  is  documentary  proof;  in  others  it  is  made  highly  probable 
by  less  direct  evidence.  (3)  The  remainder  of  the  nineteenth 
century  has  been  a  period  of  uncertain  movements.  In  some  places 
a  considerable  advance  has  been  followed  by  a  slight  retreat;  in 
others  the  latter  set  in  after  a  pause  at  the  maximum  which  had 
been  reached  in  the  earlier  years.    At  the  present  day  the  Greenland 
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^laoiers  appear  to  be  stationary  at  a  mazimam.  In  loeland  almost 
all  the  glaciers  are  now  retreating,  though  not  to  any  great  extent, 
and  in  some  of  them  the  previous  advance  oontinued  till  about  the 
year  1880.  From  Spitzbergen  the  evidence  is  defective;  so  far 
as  it  goes  some  glaciers  appear  to  be  advancing,  others  retreating. 
In  Norway  the  ice  reached  a  maximum  at  the  beginning  of  the 
century,  and  since  then  there  has  been  a  slow  retreat,  interrupted  by 
slight  advances.  In  none  of  these  regions  has  there  been  a  diminution 
comparable  with  that  which  has  been  observed  in  the  Alps  during 
the  last  half-century.  M.  Babot  has  drawn  up  a  table  to  show  the 
advances  of  the  glaciers  for  Qreenland,  Iceland,  Jan  Mayen,  Spits- 
bergen, Scandinavia  (north  and  south),  and  the  Alps.  Though 
the  information  is  not  equally  full  and  precise  in  all  cases,  it 
suffices  to  show  that  while  the  movements  of  the  glaciers  in  the 
northern  region  exhibit  a  general  correspondence,  they  afford  signa 
of  a  local  individuality,  and  those  of  the  Alpine  glaciers  appear 
to  be  in  most  cases  independent  The  results  from  the  northern 
region  are  then  used  by  M.  Babot  to  test  the  three  laws  of  the 
variation  of  glaciers  which  were  tentatively  advanced  by  Professor 
ForeL  (a)  The  law  of  periodicity.  In  the  north  this  apparently 
does  not  hold  good,  the  duration  of  the  advances  and  retreats 
being  irregular.  (5)  Law  of  simultaneousness.  This  holds  good, 
(c)  Law  of  variation  of  volume;  namely,  that  any  change  affects 
the  length,  breadth,  and  thickness  of  the  glacier.  This  apparently 
is  not  valid  in  the  north,  for  there  the  end  of  a  glacier  may  h^ 
statiouary  or  even  advancing,  while  its  thickness  higher  up  is 
diminishing.  For  this  apparent  anomaly  the  author  offers  an 
explanation.  Lastly,  he  discusses  the  question  whether  the  results 
of  the  more  minute  observations  which  have  been  carried  on  in  the 
Alps  during  the  last  twenty  years  establish  a  relation  between 
the  variations  of  the  climate  and  the  length  of  the  glacier ;  such 
a  relation  appears  to  be  suggested,  but  more  evidence  is  needed 
before  it  can  be  regarded  as  established. 

The  rule  "  Always  verify  your  references "  holds  good,  as 
commonly,  in  M.  Babot's  book,  for  names  are  often  misspelt. 
We  leave  Qermans  to  deal  with  Pettermanus,  but  object  to  Professor 
Garwood  being  persistently  transformed  into  Gamwood.  This, 
however,  is  a  superficial  blemish.  The  memoir  itself  embodies 
a  mass  of  information,  accumulated  by  patient  and  laborious  study, 
and  cannot  fail  to  be  very  valuable  for  purposes  of  reference  to 
all  who  take  an  interest  in  glacial  questions.  T.  G.  Bonnbt. 
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November  6th,  1901.— J.  J.  H.  Teall,  Esq.,  M.A.,  V.P.B.S.,  President, 

in  the  Chair.     The  following  communications  were  read  : — 

1.  "Note  on  a  Submerged  and  Glaciated  Bock -Valley  recently 
exposed  to  view  in  Caermarthenshire."  By  Thomas  Codrington,  Esq., 
M.Inst.  C.E.,  F.G.S. 
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This  valley  was  brought  to  light  in  building  a  bridge  across  the 
Biver  Towy  at  Drysllwyn,  9  miles  from  Caermarthen,  to  which 
the  tide  now  flows.  At  the  bridge  the  valley  is  narrowed  to  about 
half  a  mile.  Near  the  water-edge  the  rock  sloped  down  gradually 
to  28  feet  below  summer  water-level,  and  was  glaciated  in  large 
fiourrows  a  foot  or  more  across,  and  striated  blocks  of  grit  rested 
upon  it  About  60  feet  farther  out  into  the  river,  rock  was  not 
met  with  till  depths  of  from  84  to  42  feet  below  summer  level  were 
reached,  and  the  rock-surface  was  found  to  be  sloping  towards  the 
south  at  an  angle  of  from  28^  to  18°  with  a  vertical  line ;  it  was 
followed  down  to  between  45  and  56  feet  below  summer  water-level. 
Scratched  stones  were  again  met  with  in  the  clay  near  the  rock. 
The  glaciated  surface  on  the  northern  bank  is  only  25  feet  above 
sea-level;  and  the  rock-surface  is  sloping  down  at  a  precipitous 
angle  at  8  feet  below  sea-level  at  a  distance  of  18  miles  from  the 
mouth  of  the  river. 

2.  <<  On  the  Clarke  Collection  of  Fossil  Plants  from  New  South 
Wales.*'  By  Edward  Alexander  Newell  Arber,  Esq.,  B.A.  (Com- 
municated by  Professor  T.  McKenny  Hughes,  B.A.,  F.B.S.,  F.G.S.) 

This  collection,  numbering  nearly  2,600  specimens  of  all  kinds, 
including  some  80  fossil  plant-remains,  was  presented  to  the 
Woodwardian  Museum,  Cambridge,  in  November,  1844. 

The  following  is  the  stratigraphical  succession  in  New  South 
Wales:— 

4.  Wianamatta  and  Hawkesbury  Beds. 
3.  Newcastle  Beds. 

ic.  Upper  Marine  Beds. 
h.  Lower  Coal-measures, 
a.  Lower  Marine  Beds. 
1.  Lepidodendnm"}}^  (Arowa,  etc.). 

Four  species  from  the  Wianamatta  Series  are  described,  fourteen 
species  (including  one  new  one)  from  the  Newcastle  Series,  and 
two  from  the  Arowa  Beds.  Of  the  twelve  new  types  described  by 
McCoy,'  five  (namely,  Odontopteris  microphylla,  Sphenopteris  plumosa, 
OloBBopteris  UneariSf  PhyUotheea  ramosa,  and  Fh.  Hooheri)  are  no 
longer  considered  as  such.     One  new  type  has  been  added. 

The  age  of  the  beds  is  then  discussed.  Such  evidence  as  the  few 
plants  in  the  Clarke  Collection  afford  supports  Feistmanters  con- 
clusion that  the  Wianamatta  Beds  are  of  Triassic  age.  Thinnfeldia 
cdontopteroides  occurs  in  Bhsdtic  beds  in  South  America,  and  the 
identification  of  Rattee's  Salisburia  palmata  with  the  American 
Baiera  mulUfida,  and  a  comparison  with  the  Bhsstic  Baiera  Steinmanni 
of  Chile,  is  a  new  point  in  favour  of  this  conclusion.  The  plants 
also  support  Feistmantel's  opinion  that  the  Newcastle  Beds  are 
equivalent  to  the  Permian  of  Europe.  The  exact  horizon  and  age 
of  the  Arowa  Beds  must  for  the  present  remain  doubtfuL 

3.  "  On  an  Altered  Siliceous  Sinter  from  Builth  (Brecknockshire) .'' 
By  Frank  Butley,  Esq.,  F.G.S. 

1  Amu  Mag.  Nat.  Hist.,  1847,  vol.  xx. 
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A  rook-speoimen,  given  to  the  aatbor  many  years  ago  by  the  late 
H.  W.  Bristow,  forms  the  main  subject  of  tlus  paper.  It  shows  no 
trace  of  original  sand-grains;  it  is  compact,  and  with  a  fracture 
platy  to  conchoidal;  small  splinters  of  it  can  be  fused  on  their 
edges  to  a  white,  frothy  glass.  Under  the  microscope  the  rock  is 
decidedly  tufaceons,  containing  small  fragments  chiefly  of  pumice, 
less  often  of  crystals  which  are  apparently  epidote.  In  the  slides 
of  this  rock  and  in  some  of  the  siliceous  sinters  from  New  Zealand 
used  for  comparison,  there  are  small  patches  of  a  brown  substance 
which  may  possibly  be  of  organic  origin ;  in  connection  with  it» 
Professor  Weed's  discovery  of  algous  growths  in  some  of  the  New 
Zealand  sinters  is  mentioned.  A  specimen  of  hard  breccia,  also 
from  the  vicinity  of  BuiUh,  is  described.  The  cement  of  this  rock 
is  also  possibly  siliceous  sinter,  as  well  as  some  of  the  fragments, 
which  latter  show  faint  evidence  of  the  inclusion  of  little  shreds 
of  pumice. 

n. — Manohesteb  Litebaby  and  Philosophioal  Socibtt. 

October  15th,  1901.— -Mr.  Charles  Bailey,  President,  in  the  Chair. 

Mr.  B.  D.  Darbishire,  F.S.A.,  exhibited  a  laige  collection  of  the 
Eolithic  implements  of  the  Kentish  plateau,  and  illustrated  with 
map  and  section  the  outline  of  the  denudation  of  the  valley  of  the 
Weald,  leaving  a  drift-deposit  on  the  remaining  Chalk  of  the  north 
and  south  escarpments. 

In  the  process  many  levels  of  river-gravels  had  been  fixed,  and 
partly  occupied  by  stone  implements  of  successive  ages,  mostly  mudi 
mixed  up  in  the  redeposition  of  the  gravels  by  succeeding  move- 
ments. He  described  the  general  facies  of  the  so-called  Palseoiithic 
implements  from  river  deposits  in  France  and  England,  and  their 
peculiar  modes  of  manufacture  by  '  chipping '  or  flaking,  and  shapes ; 
and  confessed  inability  to  determine  the  uses  of  such  tools  or  any 
characteristics  of  the  men  who  made  ihem.  They  were  fossil 
indications  of  man  with  mind,  skill,  and  purpose,  and  that  was  all. 
He  then  referred  to  the  late  Sir  Joseph  Prestwich's  annonnoement 
of  Mr.  B.  Harrison's  great  discovery  of  stone  implements  in  the 
drift  covering  the  remaining  chalk  plateau,  quoted  important 
adhesions,  and  referred  to  the  expressions  of  scepticism  by  Sir 
J.  Evans,  Professor  Boyd  Dawkios,  Sir  H.  H.  Howorth,  and  others. 

Exhibiting  a  very  complete  and  well-arranged  series  of  the  plateau 
remains,  Mr.  Darbishire,  after  claiming  large  personal  familiarity 
with  stone  implements,  proceeded  to  vindicate  the  primeval  and 
distinctive  character  of  the  same  by  reference  to : — (1)  The  peculiar 
character  of  (a)  the  material  used,  and  (5)  the  uniform  and  extreme 
'patination'  of  most  specimens.  (2)  The  peculiar  shapes  of  the 
same,  showing  several  separate  designs  (c)  in  lateral  curves  (like 
bites  out  of  a  cake),  sometimes  duplicated  with  a  point  left  between ; 
(d)  in  instruments  with  bold  lateral  curves  on  each  side  of  a  strong, 
sometimes  sharp,  sometimes  obtuse  point;  (e)  in  flat  flints,  with 
chipped  edges  more  or  less  all  round;  and  (/)  in  repudiation  of 
a  vague    dismissal    of   the    remains    in    question    as   '  wastrels.' 
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(8)  The  peouliar  and  original  fashion  of  chipping  the  flint 
perpendievlarly  through  the  thickness  so  as  to  remove  the  natural 
edge  (sharp  and  rough)  of  the  stone,  and  the  general  absence  of 
work  on  the  sides  of  the  tooL  (4)  The  collective  facies  of  the 
mass,  unembarrassed  by  admixture  of  forms  known  as^  Palasolithic. 
And  lastly  to  (6)  a  very  decided  declaration  that  after  many  years' 
study  of  stone  implements  from  various  countries  and  ages,  he  had 
never  seen  an  eolith  amongst  palsooliths,  or  a  palaaolith  amongst 
eoliths. 

In^  conclusion,  he  declared  his  unhesitating  concurrence  with 
those  more  learned  and  skilful  observers  who  believed  that  in  the 
so-called  Eolithic  remains  Mr.  Harrison  had  revealed  the  fossil 
indications  of  the  mind  and  purpose  of  a  race  of  men  long  anterior 
to  that  of  the  Paladolithic  record,  and  confirmed  a  precedent  geological 
era  for  the  habitation  in  this  country  of  Man,  actually  qualified 
by  invention,  design,  skill,  purpose,  and  perseverance — still  the 
fundamental  characteristics  of  the  race — which  with  the  great 
development  and  inheritance  of  civilization,  the  arts,  and  literature, 
18  now  possessing  the  earth. 


FAXE  OR  FAXOE. 
Sib, — I  recently  saw  it  stated  in  the  Gkologioal  Magazine  that 
Faze  is  the  correct  name  of  the  well-known  locality  for  fossils  in 
Zealand,  and  that  the  name  Faxoe  used  by  Darwin  and  others  is 
impossible,  as  the  place  is  not  an  island.  This  is  not  conclusive. 
May  not  the  place  have  formerly  been  an  island,  and  may  not  Faze 
be  a  modern  corruption  of  an  older  name  Fazoe  ?  It  is  well  known 
to  philologists,  and  to  all  who  have  paid  any  attention  to  place- 
names,  that  there  are  many  places  which  are  proved  by  their  names 
to  have  once  been  islands,  though  they  are  no  longer  so.  The  late 
Isaac  Taylor,  in  his  interesting  book,  **  Words  and  Places,"  mentions 
several  such  names  in  the  Valley  of  the  Thames  and  in  the  Eastern 
Counties,  as  well  as  elsewhere.  J.  B.  Dakyms. 

Snowdon  Vibw,  Gwtnant,  Beddoelert. 

FOSSILS  WITH  GARNETS. 
Snt, — Verbum  sapieniibus  contains  in  itself  no  proposition :  it 
may  equally  be  either  sat  sap.  or  sat  upon  insip. ;  in  this  style, 
"Words  are  worth  nothing,  therefore  take  mine."  But  certainly, 
in  a  case  like  the  present,  where  statements  of  opposite  import  are 
both  alike  quotations  from  the  '*  traditions  of  the  elders,"  the  old 
motto  of  the  Boyal  Society,  for  those  in  a  position  to  adopt  it, 
NuUius  per  verba,  is  the  best  Verbum  Sap. 

THE  CIRCULATION  OF  SALT. 
Sib, — In  connection  with  recent  questions  concerning  the  circu- 
lation of  salt  I  would  like  to  call  attention  to  a  curious  phenomenon 
described  by  Messrs.  F.  W.  and  W.  0.  Crosby  in  the  Technology 
QuarUrly  (U.S.A.),  vol.  iz,  No.  1,  March,  1896.     I  refer  to  the 
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'*  Sea  mtUs  of  C^halonia"  (Greece).  "The  mills  are  driven  by 
a  current  of  sea-water  which  flows  into  the  land  for  abont  fifty 
yards  through  an  artificial  channel,  finally  disappearing  amid  defta 
and  fissures  in  the  limestone  rock"  (Baeideker).  "The  bonndaries 
of  this  influx  have  never  been  definitely  determined,  but  it 
certainly  extends  along  the  coast  for  nearly  half  a  mile  *'  (loc.  cit). 
Messrs.  Crosby  estimate  the  daily  consumption  of  sea-water  at 
6,000,000  cubic  feet  H.  E.  Strickland  has  also  described  these 
sea-mills  (Proc.  Geol.  Soc.,  xi,  pp.  220,  221). 

A.   E.   OOOHABA-SWAMT. 
"WORPLBSDON. 

SALTER'S    UNDESCEIBED    SPECIES. 

Sm, — In  my  first  paper  on  some  of  Salter's  Undescribed  Speciea 
(Gbol.  Mag.,  1900,  Dec.  IV,  Vol.  Vn,  p.  303,  PL  XII)  there 
is  an  unaccountable  omission,  which  has  only  within  the  last  few 
days  been  brought  to  my  notice.  There  is  an  absence  of  any 
reference  to  the  specimen  represented  in  Fig.  7  on  the  accompanying 
plate.  In  what  manner  the  oversight  occurred  I  am  unable  to 
discover,  as  a  description  was  ready  for  publication  with  the  rest 
of  the  paper.  The  specimen  figured,  which  is  referable  to  the 
species  JMobe  aolvensis  (Hicks),  is  of  not  a  little  interest,  because 
it  is  the  one  mentioned  by  Salter  (Cat.  Gamb.  Sil.  Fobs.  Woodw. 
Mus.,  1873,  p.  23,  a  469)  under  the  name  Aaaphus  Menapim,  The 
following  description  is  given  by  him  (loc,  ctL)  :  "  A$aphm  Menapia, 
Hicks  (undescribed).  A  large  species  with  smooth  tail-piece." 
It  comes  from  the  Tremadoc  rocks  of  Ramsey  Island,  and  was 
presented  to  the  Woodwardian  Museum  by  Dr.  Hicks.  It  ooouis 
on  the  same  piece  of  rock  as  the  type-specimens  of  CcUfpnene 
vexata  (Salter)  (?  =  Neseuretus  reeurvaUu,  Hicks)  and  Calymene 
ultima  (Salter)  (?  =  Neseuretua  quadratua,  Hicks),  which  I  have 
described  and  figured  in  the  paper  above  mentioned.  The  piece 
of  rock  bears  Salter's  label  with  these  names;  also  a  later  label 
in  Tawney's  handwriting,  with  the  inscription  '*  Salter's  MSS.  namea 
not  adopted  exactly  by  Hicks  when  he  described  the  fossils."  This 
remark  is  borne  out  also  by  the  fact  that  this  pygidium  of  Aaapkus^ 
Menapia  does  not  agree  with  that  of  Niche  menapienais  (BUcka), 
as  figured  and  described  by  Hicks  (Q.J.G.S.,  voL  xxix,  1873, 
p.  46,  pi.  iv,  figs.  1-9),  but  with  that  of  Niche  aolvenaia  (Hicks), 
described  and  illustrated  at  the  same  time.  Hicks  makes  here  no 
mention  of  the  name  Aaaphua  Menapim,  and  was  apparently  ignorant 
of  its  retention  in  the  Cambridge  Catalogue,  which  was  then  on 
the  eve  of  being  published.  The  specimen  of  A.  Menapia  ia 
a  slightly  distorted  internal  cast  of  the  pygidium,  measuring  26  mm. 
wide  and  16  mm.  long,  and  it  agrees  in  all  its  visible  charooters 
with  Hicks'  Niche  aolvenaia. 

In  my  paper  there  is  also  an  obvious  misprint  in  the  numbering 
of  the  figures  on  the  plate  (PL  XII).  Neaeuretua  quadratua  is  repre- 
sented by  Fig.  6,  not  by  Fig.  5,  which  represents  Neaeuretua,  sp. 

F.  B.  CowPKB  Rbkd. 

WOODWABDIAK  MvSBUM,   CAMBRmOB. 
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